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“Tf the Proceedings of the Brunn 
sateson’s body would have been buried in Westminster Abbey, 
between the lines of the first 
himself and Miss FE. R. Saunders (1902) to 
ered in 1900, Bateson had alr 
name of Mendelism.” 


WILLIAM BATESON 
1861-1926 


Natural History Society had been a little more rare, 
for we have only to read 
report to the Evolution Committee of the Royal Society by 

realize that when Mendel's paper was rediscov- 
‘ady hit upon the atomic theory of heredity, which goes by the 
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WILLIAM BATESON, 1861-1926 


His Life and Work 


By  FeELLow or THE INTERNATIONAL EDUCATION Boarp* 


N the death of William Bateson, 

the pioneer and leader of the Eng- 

lish geneticists, on February 8, 
1926, the whole scientific world suf- 
tered an irreparable loss. Some years 
hefore the rediscovery of Mendelism 
in 1900, this world figure in biology 
had attained eminence as a student of 
variation and since that time he had 
been continuously and actively engaged 
in the study of the complex problems 
of heredity in animals and plants. 

The writer had the privilege of at- 
tending a meeting of the Genetical So- 
ciety in London at which Mr. Bateson 
presided only a few weeks before his 
death. In every new fact reported in 
this meeting, Mr. Bateson showed his 
characteristically keen interest, his usual 
vigorous manner, and an almost father- 
ly encouragement of the yvounger mem- 
hers of the society who presented pa- 
pers or joined in the discussion. 

William Bateson, the son of the 
Rey. W. H. Bateson, D.D., Master of 
St. Johns ‘College, Cambridge, from 
1857 to 1881, was born at Whitby in 
1861. In 1896, he married Beatrice, 
daughter of the late Arthur Durham, 
Senior Surgeon of Hospital. 
His wife survives him, with one son, 
who is a member of St. John’s Col- 
lege, Cambridge. Another son was 
lost in the war. 


*The writer gladly takes this opportunity to thank the several members of the 
bridge School” who aided him in gathering the material for this article. 


Education 


Mr. Bateson attended Rugby School, 
and continued his education at. St. 
John’s College, Cambridge, where he 
gained a scholarship. He took first 
class honors in the Natural Science 
Tripos Examinations of 1882 and 1883. 
In the latter year he was elected to a 
fellowship and in 1910 was made an 
honorary fellow of St. John’s ‘College. 
Mr. Bateson held an M.A. degree from 
Cambridge University and an honorary 
Doctor of Science degree from Shef- 
held University. 

Honors 

The world’s recognition of his_ sei- 
entific distinction was wide and _ real, 
yet some of the formal signs of recog- 
nition in his own country not 
fallen to his lot when he died. On the 
Continent he was widely known and 
respected. He had hosts of scientific 
friends in France, Germany, Russia, 
and in other countries. recently 
as the autumn of 1925 he attended the 
Russian Scientific Congress as an in- 
vited guest, and on several previous 
occasions he had visited the leading 
continental workers biology, 
tended their meetings, and contributed 
to their programs. Mr. Bateson was 
a Fellow of the Royal Society, Foreign 
Member of the National .\eademy of 


“Cam- 
He also wishes to 


acknowledge his indebtedness to the Editors of the London Times, The Manchester Guardian, 
Nature, The Nation and Athenaeum, Sctence, The Eagle (ot St. John's 


bridge), The Cambridge Review, The Journal of Genetics and The Eugenics Rev 


College, Cam- 
view for the 


use of material which appeared originally in these publications. 


If this rather sketchy and incomplete review proves helpful to even a small number 


of fellow students in England, America, and other countries, who wish to learn more ot 
the life and work of this great man, the writer will feel well repaid for the time spent 
in gathering and presenting this material. He has in fact already been handsomely re- 
warded in the inspiration and fresh enthusiasm imparted to him through contact with some 
of Mr. Bateson’s former Cambridge colleagues, through his visit to the quiet and delightful 
Merton House at Grantchester, and in reading and re-reading some of Mr. 


Bateson'’s own 
writings. 
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434 
Sciences in’ Washington, Member of 
the New York Academy of Science, 
Member of the Royal Danish Academy, 
the Royal Academy ot Belgium, Aca- 
demy of Sciences of Leningrad, and 
of several other scientific societies. He 
received the Darwin Medal of the 
Roval Society in 1904 and the Royal 
Medal in 1920. He was a charter 
member of the American Genetic Asso- 
ciation, 

He was Fullerian Professor of 
Physiology of the Royal Institution in 
1912-1914, President of the British 
Association at the Austrialia Meeting 
in 1914, and was to have attended the 
Canadian Educational Conference in 
April, 1926. He had been elected 
President of the Botanical Section of 
the British .\ssociation for the Oxford 
Meeting in August, 1926. 

In 1907 Mr. Bateson gave the Silli- 
man Lectures at Yale University, and 
in 1922 he delivered the Joseph Leidy 
Memorial Lecture at the University of 
Pennsvivamia. On the same trip he 
addressed the Toronto meeting of the 
American Association for the A\dvance- 
ment of Science. 

Mr. Bateson was a member of the 
Athenaeum and of the Burlington [ine 
Arts Club. 


The Years at Cambridge 


(One cannot escape the feeling that 
the years spent at Cambridge were at 
once the richest, most productive, and 
perhaps the happiest period in the life 
of William Bateson. Several close 
friends and former associates of this 
distinguished member of the University 
have given the writer the most cordial 
help in his effort to describe some of 
the features of this period, but only 
those who were members of the early 
“Cambridge School” of heredity can 
fully appreciate the influence of their 
leader, Mr. Bateson, not only on their 
own work and scientific careers but on 
the thought of biological workers 
throughout the world. As one of this 
Cambridge group has put it, Mr. Bate- 

*\WWilliam 


1926. 


3ateson, by J. 


Bb. S. Haldane, in The Nation and Athenaeum. 


The Journal of Heredity 


son was “one of that very small’ band 
of great teachers whose members have 
seen their earlier heterodoxy accepted 
as the orthodoxy of the younger gene- 
ration.” 

Mr. Bateson’s first efforts in research 
were in the field of comparative em- 
bryology. As experimental material he 
chose the worm-like Balanoglossus, an 
organism whose position in the phylo- 
genetic scheme was then uncertain. Mr. 
Bateson visited America to obtain mate- 
rial for these studies in 1883, and 
again in 1884. An important outcome 
of these visits to America was_ the 
meeting with W. K. Brooks, who had 
a great influence on the direction of 
his thoughts. 

His morphological studies of Balan- 
oglossus, Which definitely fixed the 
evolutionary or taxonomic position of 
this organism, focused his attention on 
the age-old problem of the nature of 
species, which gripped and held him 
for the rest of his life. 

In 1897-1898, while the Batesons 
occupied Norwich House, Cambridge. 
breeding experiments were in progress 
in the nearby University Botanical Gar- 
den with Lychnis and with fowls. In 
1897, Mr. Bateson had read otf some 
of deVries’ early experiments on here- 
dity, and had sent to the Dutch bot- 
anist, who was later to be the author of 
the mutation theory, for some seeds. 

Bateson had _ satisfied himself to 
the existence of discontinuity in varia- 
tion, and in the closing vears of the 
last century had begun experiments in 
crossing, which were to reveal to him 
the same laws, earlier discovered by 
Mendel, and rediscovered in 1900 by 
deVries, 'Correns, and Tschermak. In 
fact, Haldane* goes so far as to say 
that if the Proceedings of the Brunn 
Natural History Society had been a little 
more rare, Bateson’s body would have 
been buried in Westminster Abbey, for 
we have only to read between the 
lines of the first report to the [volu- 
tion Committee of the Royal Society 
by himself and Miss EE. R. Saunders 


February 20, 
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MERTON HOUSE 


In the little village of Grantchester near Cambridge—the home of William Bateson 
trom 1899 to 1910. In the garden of Merton House many of his early experiments in 
Genetics were carried on, and here the word seems to have been born, as Bateson first 


used it in a paper published in 19006. 


(1902) to realize that when Mendel’s 
paper was rediscovered in 1900, Bate- 
son had already hit upon the atomic 
theory of heredity, which goes by the 
name of Mendelism. 

The aims underlying this early work 
and the hopes entertained of it, are 
set forth in an address to the Hybrid 
Conterence held London during 
July, 1899.* Noteworthy is the stress 
laid upon the necessity of examining 
hybrid progeny statistically, and ot 
classifying the offspring in respect to 
each differentiating character, separ- 
ately. 

In making reference to these early 
reports, Morgany says, “One feature 
of these reports is characteristic. Noth- 
ing is glossed over for the sake of 


*Obituary Notice in Nature, Kebruary 27, 
*¥Morgan, T. Sctence, Mav 28, 1926. 


tCambridge Review, November 25, 1909, 


uniformity. Exceptions are reported 
and emphasized. Their examination 
whenever possible 1s the starting point 
for further study that is often illum- 
inating.” 

In the words of a Cambridge triend 
of the Batesonst “There are many in 
Cambridge, who, while) making no 
claim to scientific interest, have looked 
forward to an afternoon pilgrimage to 
the house out at Grantchester, where 
there was always something new to be 
seen, whether chickens or primulas, 
old) drawings or Japanese prints, all 
shown with an enthusiasm and_= tresh- 
ness of comment very. stimulating. to 
the listener.” 

charm of Merton House at 
Grantchester is maintained by the pres- 
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ent owners. 
little 


The writer was more than 
interested to see the garden 
where “coupling” and “repulsion” in 
sweet peas were first observed, the 
eround where the inheritance of “rose,” 
“pea.” “walnut” and other forms of 
combs in fowls was first worked out, 
and the study where the book Mendel’s 
Principles of Heredity and many of 


the earlier papers were put in writing. 


To the ‘Cambridge period belong also 
the formulation of the “presence and 
absence’ theory (which Bateson again 
champions in his last paper) the solu- 
tion of the old problem of “reversion” 
on crossing, the demonstration of the 
nature of sex-linked inheritance, and 
much other original work of the first 


importance. During these years, this 
earden at Grantchester was the world 
center for genetical work and thought, 
attracting visitors from many lands. 
Indeed, it is true, in one sense at least 
that “genetics” was born at Grantches- 
ter near Cambridge, for apparently it 
was Bateson who first used this term 
in a paper written there in 1906. 

In 1899 the Batesons moved to Mer- 
ton House, in the little village oft 
Grantchester, near Cambridge. l’er- 
haps our portrait of this fine home and 
earden and the young poet’s desecrip- 
tion of this lovely spot will give the 
reader some idea of the surroundings 
in which Bateson spent ten of his most 
fruitful vears: 


The Old Vicarage, Grantchester 


(Cafe des Westens, Berlin, Jlay, 1912) 


(S7 now the lilac is in bloom, 
All before my little little room; 
And inomy fiower-beds, 1 think 
Smile the carnation and the pink; 
the orders, well know, 
The poppy and the pansy blow. 
Oh! there the chestnuts, summer through, 


Beside thre 


river 


make tor 


VOrt 


tunnel of green gloom, and sleep 
Deeply above; and green and deep 

The stream amvsterious alides beneath 
Green as a dream and decp as death. 

- - Oh, damn! know it! and 1 know 
Hlow the May fields all golden show 
And when the day is young and sweet, 
Gild gloricusly the bare feet 


That run to bathe 
Hlere am T, 


Du lieber Gott! 
sweating, sick, and hot, 


elnd there the shadowed waters fresh 
Lean up to embrace the naked flesh, 
Temperamentvoll German Jews 

Drink beer around; - - and there the dews 
elre soft beneath a morn of gold. 

flere tulips bloom as they are told; 
about those hedges blows 


unofficial rose; 
unregulated sun 


And there the 


Slopes down to rest when day is done 
And wakes a vaque unpunctual star, 

slippercd Hesper; and there are 
Meads towards FHaslingfeld and Coton 


das 


Betreten's not 


Verboten. 
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would 1 were 

Granichester, Grantchester! - 
Some, it may be, can get m touch 

With Nature there, or Earth, or such 
And clever modern men have seen 

A laun a-peeping through the green, 
etn felt the classics were not dead; 

To glimpse a Naiad’s reedy head, 

Or hear the Goat-foot piping low 

But these are things 1 do not know. 

! only know that you may lie 

Day long and watch the Cambridge sky, 
flower-lulled in sleepy grass, 

HTear the cool lapse of hours pass, 

(ntil the centuries blend and blir, 

In Grantchester, Grantchester 

Still in the dawnt waters cool 

His ghostly Lordship lis pool, 
And tries the strokes, essays the tricks 
Long learnt on Hellspont, or Styx. 

Dan Chaucer hears his river still 

Chatter beneath a phantom 
Fennyson notes, with studious eve, 

flow Cambridge waters hurry by 

And in that garden, black and white, 
Creep whispers through the grass all night; 
Ind spectral dance, before the dazen, 
Aohundred Vicars down the lawn; 
Curates, long dust, will come and ao 
On lissom, clerical, printless toe; 

And oft between the boughs ts scen 
The sly shade of a Rural Dean 

Till, at a shiver in the skies, 

lanishing auth Satanic cries, 

The prim ecclesiastic rout 

Leaves but a startled sleeper-out, 

Grey heavens, the first bird's drowsy calls, 
The falling house that never falls. 

God! I will pack, and take a train, 

Ind get me to England once again! 
Feor Iengland’s the one land, [know 
Ihere men with Splendid Hearts may go; 
nd Cambridgeshire, of all) 
The shire tor Men who Understand; 
And of that district [ prefer 

The lovely hamlet Granichester. 

For Cambridge people rarely smile. 
Being urban, squat, and packed with gitile; 
And Royston men imi the far South 
black and fierce and strange of mouth; 
At Over they fling oaths at one, 

And worse than oaths at Trumpimgton, 
Ind Ditton girls are mean and dirty; 
Ind there's none in Farston under thirty, 
And folks in Shelford and those parts 
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Have twisted lips and twisted hearts, 

And Barton men make Cockney rhynics, 

And Coton’s full of nameless crimes, 

And things are done you'd not believe, 

At Madingley on Christmas Eve. 

Strong men have run for miles and miles, 

When one from Cherry Hinton smiles; 

Strong men have blanched, and shot their wives, 

Rather than send them to St. Ives; 

Strong men have cried like babes, bydam, 

To hear what happened at Babraham, 

But Grantchester! ah, Grantchester! 

There's peace and holy quiet there, 

Great clouds along pbacific skies, 

And men and women with straight eyes, 

Lithe children lovelier than a dream, 

A bosky wood, a slumberous stream, 

And little kindly winds that creep 

Round twilight corners, half asleep. LT. 

In Grantchester their skins are white; 

They bathe by day, they bathe by night; 

The women there do all they ought; 

The men observe the Rules of Thought. 

They love the Good; they worship Truth; 

They laugh uproariously in youth; 

(And when they get to feeling old, 

They up and shoot themselves, Tin told) 

Ah God! to see the branches stir 

Across the moon at Grantchester! 

To smell the thrilling-sweet and rotten 
(Unforgettable, unforgotten 

River-smell, and hear the breeze 

Sobbing in the little trees. 

Say, do the elm-clumps greatly stand 
Still guardians of that holy land? 

The chestnuts shade, m reverend dream, 
The yet unacademic stream? 

Is dawn a secret, shy and cold 
Anadyomene, silver-gold/ 

And sunset still a golden sca , 
‘rom Haslingfield to Madingley? 

[nd after, ere the night ts born, 

Do hares come out about the corny 

Oh, is the water sweet and cool, 

Gentle and brown, above the pool?’ 

And laughs the immortal. river still 

Under the mill, under the mill? 

Sav, is there Beauty yet to find’ | 
And Certamty? and Quiet kind? 

Deep meadows yet, for to forget 

The lies, and truths, and pain? .. . oh! yet 

Stands the Church clock at ten to three? | 
And is there honey still for tea’ 


Rupert Brooke. | 
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Early Cambridge Associates of Mr. Bateson 


[7 is impossible to name and mention 

the work of all the members of the 
small but faithful and loyal band of 
workers who were associated with Mr. 
Bateson, in the earlier years at Cam- 
bridge. He valued their help very 
highly, and in his book Mendel’s Prin- 
ciples of Heredity, published in 1909, 
he gives generous acknowledgment to 
his colleagues when he says “‘Without 
their cooperation there would have 
been, so far as Cambridge is concerned, 
but meagre contributions to record.” 
Miss E. R. Saunders of Newnham 
College, Cambridge, was very early 
associated with Mr. Bateson, was joint 
author with him of several of the now 
historical “Reports to the Evolution 
Committee of the Royal Society.”” Miss 
Saunders did some of the early gene- 
tical work in sweet peas, and in later 
years has carried out a masterful gene- 
tic analysis of the common stock, 
Mathiola. 


Dr. C. C. Hurst, himself a pioneer 
Mendelian, was an early associate of 
Mr. Bateson, furnished experimental 
materials from his private nursery and 
estate, and was joint author of the 
1905 Report to the Evolution Com- 
mittee. 


Miss Muriel Wheldale (now the Hon- 
orable Mrs. Onslow) was associated 
with Mr. Bateson in the early and 
thorough studies of the chemical basis 
and mode of inheritance of some of 
the anthocyanin and other pigments 
in plants. These studies have probably 
come as near to serving as a liason 
between the sciences of chemistry and 
genetics as any that have ever been 
made, at least on the plant side. They 
may well serve as the classics, from 
which modern bio-chemical and genetic 
research can proceed further with the 
difficult task of tracing the connection 
between observed or outer effect and 
inner cause. 


Prof. R. 'C. Punnett was for many 
years the close colleague of Mr. Bate- 
son, was joint author with him of 
many papers, assisted him in many of 


the early researches, especially those 
with sweet peas and the linkage studies, 
and succeeded him when he left Cam- 
bridge, in 1910. 


In plant breeding, Prof. Sir Rowland 
3iffen has established an international 
reputation for himself and for Cam- 
bridge, as a result of his long con- 
tinued, careful, and sucessful work 
in wheat breeding and improvement. 
He and Mr. Bateson were associated as 
members of the University in the early 
vears and until Mr. Bateson left in 
1910, though the work of Professor 
Biffen is largely economic, and is 
carried on in the School of Agricul- 
ture, while Mr. Bateson’s interests 
were entirely in the field of theoretical 
or “pure science” genetics. 


Mr, L. Doncaster, a former member 
of the Zoology Department in Cam- 
bridge University did a great amount 
of early cytological work and also 
studied the inheritance of sex and 
other characters in moths. 

Mr. R. P. Gregory carried on, with 
Mr. Bateson, many of the early and 
illuminative genetic experiments with 
Primulas. Miss Florence M. Durham, 
(Mrs. Bateson’s sister) carried on in- 
heritance studies with mice. 


Mr. Bateson Leaves Cambridge 


(THE great decision, in his scientific 

career, that Bateson was called upon 
to make, was in 1910, when he was 
invited to become Director of the John 
Innes Horticultural Institution at Mer- 
ton. It did not then look as if Cam- 
bridge would provide him with endow- 
ment and facilities for pressing tor- 
ward his genetical work, and so he 
decided, on scientific considerations, 


that he must accept the offer. The 
ereat work that he started there is 


briefly mentioned in a later paragraph. 
It may here be remarked, that Bateson 
probably did not foresee the loss of 
casy contact with his colleagues and 
with successive generations of young 
enthusiasts, that the move from Cam- 


bridge would entail. The loss which 


» 
a 
i 
| 


440 The Journal of Heredity 


Cambridge science and Cambridge life 
suffered with the departure of his 
dominating figure was only too clearly 
foreseen, with deep regret, by all his 
triends in the University. 

It may not be out of place here, to 
set down a few quotations from some 
of the farewell paragraphs which ap- 
peared in Cambridge journals at the 
time Mr. Bateson left, in 1910. The 
photograph which accompanies this ar- 
ticle was taken about a year before 
this turning point in his career, and 


was published in The Gownsman on 
December 8, 1909. 


One of Mr. Bateson’s friends had 
this to say: “His freedom from the 
trammels of conventional thought, his 
power of putting things in a new light, 
is a delightful stimulus to those whose 
brains work in more conventional chan- 
nels. I¢nthusiasm, honesty, modesty 
were part and parcel of this great man. 
Ile was never afraid to confess his 
ignorance, always willing and eager to 
learn from everyone. Thus he taught 
and inspired no less by precept than by 
example.” 

Another colleague wrote as follows: 
“lew have been more intimately asso- 
ciated with the life and work of ‘Cam- 
bridge than Professor Bateson, and 
there is no one whose loss could make 
a greater gap. Outside England, no 
biologist is better known, and wher- 
ever the problems of heredity are 
studied, he is looked to not only as the 
founder and head of ‘the Cambridge 
School,’ but as the most inspiring fig- 
ure in these new-old studies.” 


The Years at Merton 


When Bateson went to Merton in 
1910 there was nothing save a great op- 
portunitv, and he made magnificent 
use of. it. Jetween 1910 and 1926 
there grew up a splendidly equipped 
station for research in genetics, one of 
the finest of its kind in the world. 
The staff consists of enthusiastic 
and devoted band of more than a doz- 
en workers. Students trom several 


*Toc. Cit. 


foreign countries have spent longer or 
shorter periods of time at Merton, 
where they have greatly appreciated 
Mr. Bateson’s encouragement, counsel, 
and helpful criticism. Of the seed 
which Bateson’s leadership has sown 
at Merton, some fruits have been gar- 
nered, but the full harvest is yet to 
come. 

The keynote of the researches at 
Merton has been segregation, its nature 
and the time of its occurrence. ‘The 
striking series of investigations on va- 
riegation, bud-sports, root cuttings, and 
“rogues” in peas is familiar to students 
of heredity who are readers of the 
Journal of Genetics. His matured 
judgment on these phenomena appeared 
in the Journal in his last paper on 
Segregation, only a few days before 
his death. 

According to Morgan* Bateson was 
attracted by these problems partly be- 
cause they were puzzles, partly, no 
doubt, because they did not seem to 
conform to the then current methods 
ef genetic analysis and might therefore 
open up new fields of adventure. 

Cytological studies have been em- 
phasized in the work at Merton in 
recent years. Physiological — studies 
under the leadership of Professor 
Priestley of Leeds University have 
also been made. Mycologic studies of 
silver leaf disease have been made by 
Mr. F. T. Brooks of the Cambridge 
sotany School. 


The Biometrical Controversy 


Lack of space precludes a detailed 
account of the strife between Men- 
delists, led by Bateson, and the Biomet- 
ricians, headed by Karl Pearson and 
Weldon. Perhaps it is just as well 
not to try to re-enact for the readers 
of the present-day this bit of biological 
history. It need only be said that 
Weldon published a paper in 
rika in January, 1902, minimizing the 
importance of Mendel’s discovery. A 
few months later appeared the small 
but mighty volume by Bateson, entitled 
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Mendel’s Principles of Heredity: A 
Defence. In the preface to this little 
volume, Bateson says: “In the study 
of evolution, progress had _ well-nigh 
stopped, most were content supinely to 
rest on the great clearing Darwin made 
long since. It was therefore with a 
regret approaching to indignation that 
1 read Professor Weldon’s criticism.” 


Bateson agreed that biology must 
become an exact science, but held that 
“exactness is not always attainable by 
numerical precision; there have been 
students of Nature, untrained in statis- 
tical nicety, whose instinct for truth 
vet saved them from perverse influ- 
ence, from slovenly argument, and 
from misuse of authorities, reiterated 
and grotesque.” The opposing opinions 
of the two schools were expressed 
from time to time during the next two 
years, and at the Cambridge meeting 
of the British association in 1904 came 
the inevitable clash, when Bateson, as 
President of the Zoological Section, 
delivered a stirring challenge to the 
most crowded audience of the meeting. 
At the close of the debate which fol- 
iowed, in which Weldon remarked,— 
“It is better to use the purely descrip- 
tive statements of Galton and Pearson, 
than to involve the cumbrous and un- 
demonstrable gametic mechanism on 
which Mendel’s hypothesis rested,” it 
was clear that Mendel had been fully 
vindicated. 

In the words of Morgan.* “his vigor- 
our onslaught (based on direct famuiliar- 
ity with the facts in the case) on 
Weldon’s misleading review of Men- 
del’s work, made it impossible that the 
importance of the new discovery should 
be overlooked or disregarded.” 


Bateson and the Chromosome Theory 
of Heredity 


Haldane* records that for eight years 
Jateson attacked the chromosome theo- 
ry with the utmost vigor, not because 
he considered it inherently improbable, 
hut because he believed that it went 
bevond the evidence, and because the 
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natural bent of his mind and his pro- 
found knowledge of the history of 
science led him to doubt the validity of 
long chains of reasoning, however con- 
vincing. When, however, the possibil- 
ity of ocular demonstration arose, he 
visited America and returned to Eng- 
land a convert, though with certain 
reservations which Haldane believes 
the future will largely justify. 

In a review of Baur’s book written 
in 1911, Bateson expressed his views 
on the chromosome theory in the fol- 
lowing words: “The only point in this 
excellent book which calls for criticism, 
is, in my judgment, the rather crude 
representation of segregation ef- 
fected by chromosomes. These pic- 
tures will live in the memory of the 
reader and tend to limit his imagina- 
tion of the possibilities more closely 
than the known facts at present war- 
rant.” 

In Mr. Bateson’s last paper, which 
came out in the January (1926) num- 
ber of the Journal of Genetics, only a 
few days before his death, he main- 
tained to a considerable degree his 
well-known critical and conservative 
attitude toward some of the modern 
views on genetics emphasized in Ameri- 
ca, especially by the Morgan school. 
Whatever history shall record as to the 
details of the questions under discus- 
sion, it seems likely that Mr. Bateson’s 
conservatism as to the general applica- 
tion of some of the hypotheses ad- 
vanced by the Drosophila workers will 
prove of permanent value. It may 
serve to stimulate plant geneticists to 
conduct their own researches in such 
manner as to enable them to do more 
of their own thinking, fitting their in- 
terpretations to, building their 
hypotheses on, genetic researches with 


plants. The closing paragraph of this 
last paper of Mr. Bateson’s is here 
quoted : 

Having in view the various facts and 


considerations here enumerated I think we 
shall do genetical science no disservice it 
we postpone acceptance of the chromosome 
theory in its many extensions and implica- 
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tions. Let us distinguish fact from hypo- 
thesis. It has been proved that, especially 
in animals, certain transferable characters 
have a direct association with particular 
chromosomes. Though made in a restricted 
field this is a very extraordinary and most 
encouraging advance. Nevertheless the hope 
that it may be safely extended into a com- 
prehensive theory of heredity seems to me 
ill-founded, and I can scarcely suppose that 
on a wide survey of genetical facts, espe- 
cially those so commonly witnessed among 
plants, such an expectation would be enter- 
tained. For phenomena to which the simple 
chromosome theory is inapplicable, save by 
the invocation of a train of subordinate 
hypotheses, have been there met with con- 
tinually, as even our brief experience of 
some fifteen years has abundantly demon- 
strated. Through all this work, with ever 
increasing certainty, the conviction has grown 
that the problem of heredity and variation 
is intimately connected with that of somatic 
differentiation, and that in an analysis of 
the interrelations of these two manifesta- 
tions of cellular diversity lies the best pros- 
pect of success. Pending that analysis, the 
chromosome theory, though providing much 
that is certainly true and of immense value, 
has fallen short of the essential discovery. 


Bateson Not Much Concerned with 
Practical Applications of Genetics 


In his Presidential Address to Sec- 
tion D of the’ British Association, 
meeting at ‘Cambridge in 1904, he said: 
“The question may occur to some mem- 
bers of this audience, ‘Is this new 
knowledge of any use? That is a 
question with which we, here, have 
fortunately no direct concern. Our 
business in life is to find things out, 
and we do not look beyond.” 

In another address, Bateson said, 
“Alliances between pure applied 
science are as dangerous as those of 
spiders, in which the fertilizing partner 
is apt to be destroyed.” 

This attitude he carried with him to 
the end, for in none of his own work, 
or in that of his immediate associates 
or assistants, were the practical prob- 
lems of the plant breeder, animal breed- 
er, nurseryman, horticulturist, or farm- 
er given direct or first attention. 


Bateson Not in Sympathy with the 
Eugenics Movement 


Although Mr. Bateson was tremen- 
dously interested in the problems ot 


heredity as affecting the human _ race 
he regarded most, if not all, the at- 
tempts to apply science to this prob- 
lem by creating an art of eugenics as 
premature, in view of our profound 
ignorance of human _ heredity. He 
resolutely refused to associate himself 
with eugenical organizations. 

As a biologist he could not accept 
current notions of “equality.” There- 
fore he appeared as a champion of 
aristocracy, in short, a disbeliever in 
institutions and movements tending to 
hinder the dominance of superior 
breeds. He had a deep interest in the 
American population problem, which 
visits to the United States had made 
very real to him. QOne curious result 
of his studies was that he was dis- 
posed to regard democracy rather than 
socialism as the true enemy of natronal 
progress. 

In one of his lectures Bateson 
pointed out in plain language what he 
regarded as “an appalling lack of con- 
scious foresight in the preservation of 
the human race, and the effect of the 
modern tendency to preserve the socially 
unfit.” 

Bateson contended that a mixed 
population may better serve the pur- 
poses of modern civilization than a 
homogeneous one. 

Speaking again of democracy, Bate- 
son said, “The essential difference be- 
tween the ideals of democracy and those 
which biological observation teaches us 
to be sound, is this: democracy regards 
class distinction as evil, we perceive it 
to be essential.” 

In the Galton Lecture, delivered be- 
fore the Eugenics Education Society 
in 1921, Mr. Bateson expressed him- 
self as follows: 

There are plenty of ways in which com- 
mon sense might be applied to racial prob- 
lems. That we shall see any such application 
ili Our Own country seems to me in a high 
degree unlikely. 

Equality of political power has been be- 
stowed on the lowest elements of our popu- 
lation. This is nearing the final stage of 
democratic decay, in which the lowest not 


only have the power, but exercise it, a sequel 
which the next generation may witness. 
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The following paragraph on sociol- 
ogical application is taken from _ his 
book, Mendel’s Principles of Heredity, 
published in 1909: 


To the naturalist it is evident that while 
the elimination of the hopelessly unfit is a 
reasonable and prudent policy for society to 
adopt, any attempt to distinguish certain 
strains as superior and to give special en- 
couragement to them would probably fail to 
accomplish the object proposed, and must 
certainly be unsafe. 


The war was a terrible strain on 
Mr. Bateson. He had been in close 
personal relations with scientific col- 
leagues in both France and Germany, 
and science was to him a higher inter- 
course that transcended nationality. The 
declaration of war was a real shock to 
the convictions of his intellect. 


Bateson as a Writer 


Bateson was a torceful writer and 
often poured out his single-minded 
wrath on his opponents in the biological 
controversies round the laws of here- 
dity. His vigor was schooled into a 
fine literary form, bright with wit and 
happily turned phrases; he could write 
tenderly when he chose. He had an 
ability, as Morgan puts it,* to ex- 
press himself fearlessly in classical and 
clear [¢nglish. 


Books 


Between 1894 and 1913, four books 
came trom Bateson’s pen. ‘The first 
and perhaps the greatest, of these, 
Materials for the Study of Variation 
(1894) marked an era in the develop- 
ment of biological thought. 

The writer has thought it proper to 
include brief extracts from each of 
the four books, which will aid the 
reader in gaining some understanding 
of the mind of Bateson and of. its 
grasp ot the broad outlines of the 
problems of evolution and heredity as 
developed over a period of years. 

The sub-title of J/aterials for the 
Study of Variation emphasized the 
special regard which the book paid to 
discontinuity in the origin of species. 


*Toc. cit. 


443 


The book was offered as a contribution 
to the study of the problem of species. 
The few quotations which follow, must 
suffice. The interested reader of this 
article may well read or re-read the 
book itself : 


To collect and codify the facts of varia- 
tion is the first duty of the naturalist. 

Whatever our views of Descent, Variation 
is the Common basis of them all. 

Variation is not studied for its own sake. 

So long as skilled zoologists continue to 
neglect all forms that are abnormal, the 
student of variation must turn to other 
sources. 


If the study of variation can serve no 
other end, it may make us remember that 
we are still at the beginning, that the com- 
plexity of the problem of specific difference 
is hardly less now than it was when Darwin 
first showed that natural history is a prob- 
lem and no vain riddle. 


The naturalist must be content to work 
with the simplest cases, getting from them 
such truths as he can, learning to value 
partial truth though he cheat no one into 
mistaking it for absolute or universal truth; 
remembering the greatness of his calling, 
and taking heed that after him will come 
Time, that “author of authors,” whose in- 
separable property it is ever more and more 
to discover the truth, who will not be de- 
prived of his due. 


This concluding paragraph of the 
preface to Materials for the Study of 
Variation, records Bateson’s lofty con- 
ception of the calling of the naturalist. 
In the words of a close friend and 
associate in Cambridge, “By no man 
has this been more finely set forth; by 
none has it been more truly lived.” 

A few extracts from the “Conclud- 
ing Reflections” of the Materials for 
the Study of Variation will perhaps aid 
the reader in seeing the problem of 


variation as Mr. Bateson saw it in 
1894: 


The discontinuity of species results from 
the discontinuity of variation. 

The doctrine that the fixity of a character 
is a measure of its importance to the or- 
ganism, is absurd. 


It is a “mischievous error” to suppose that 
a new variation must immediately be swamped. 
Among characters which blend, are espe- 
cially certain quantitative characters, such as 
stature, while qualitative differences, as for 
example, color, are more often alternative 
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their inheritance. The only way in which 
we may hope to get at the truth is by the 
organization of systematic experiments in 
breeding, a class of research that calls 
perhaps for more patience and more re- 
sources than any other form of biological 
mquiry. Sooner or later such investigation 


will be undertaken and then we shall begin 
to know. 


\We have collectors attending to the tan- 
sible business of classification, accounting 
themselves happy if they can keep their 
species apart, caring little how they become 
so, and rarely telling us how they may be 
»rought together. 

Hateson’s concluding statement is as 
follows: “Of this one thing there is 
no doubt, that if the problem of spe- 
cies is to be solved at all, it must be 
by the study of variation.” 

In the second book written by Mr. 
Bateson, Mendel’s Principles of Here- 
lity; A Defence, published in 1902, 
there was first made generally avail- 
to the English reader, transla- 
ton Mendel’s original paper on 
lant Hybrids. The Royal Horticul- 
tural Society had printed the first Eng- 
lish translation a year earlier, for 
which Mr. Bateson wrote a brief in- 
troduction. 

in the preface to this book, Bateson 
writes of Mendelian studies as follows: 
“The experimental study of heredity, 
sursued on the lines Mendel has made 
mossible, 1s second to no branch of 
~cience in the certainty and magnitude 

' the results it offers.” 

in the concluding paragraph he says, 
“In these pages I have only touched 
the edge of that new country which 1s 
-tretching out before us, whence in 
ten years time we shall look back on 


the present days of our captivity.” 


in the pioneer book, Mendel’s Prin- 
ples of Heredity, published in 1909, 
Mateson included an excellent and most 
nteresting Biographical Note of Men- 
lel, based in part on his own notes 
ade during a visit to Brunn. 

In the preface he says, “The study 
i heredity has become an organized 


ranch of physiological science, already 
abundant in results, and in promise 
unsurpassed.” 


The book is, and has been, too well 
wn by every serious student of 


Mendelism, to need further mention 
here. 
Bateson’s fourth and last book 1s 


entitled, Problems of Genetics (1913), 
lectures, 
In the 


and contains the Silliman 
delivered at Yale University. 
preface to this volume, Mr. Bateson 
thanks his friends in Yale for the high 
honor they did him in extending the 
invitation to lecture there, and for 
“much kindness received during a de- 
lightful sojourn in that genial home 
of learning.” 

The purpose of the lectures, he said, 
“is to discuss some of the wider prob- 
lems of biology in the light of knowl- 
edge acquired by Mendelian methods 
of analysis.” 

He goes on to say, “That species 
have come into existence by an evolu- 
tionary process no one seriously doubts : 
but few who are familiar with the 
facts that genetic research has revealed, 
are now inclined to speculate as to the 
manner by which the process has been 
accomplished.” 

In the first chapter, on The Probleim 
of Species and Variety, Mr. Bateson 
sharply criticizes the methods of sys- 
tematists, in these words: “Systematists 
proceed as if Darwin had never writ- 
ten; collections are arranged in such 
a way that the phenomena of variation 
are masked. Their business is purely 
that of the cataloguer, and beyond that 
they cannot go.” 


In another paragraph, he quite frank- 
ly admits our ignorance as to the 
method of evolution, in these words: 

As to almost all the essential features, 
whether of cause or mode, by which specific 
diversity has become what we perceive it to 
be, we have to confess our ignorance nearly 
total. 

The concluding paragraph states that : 


As yet the genetic behavior of animals 
and plants has only been sampled. When 
the work has been done on a scale so large 
as to provide generalizations, we may be in a 
position to declare whether specific difference 
is or is not a physiological reality. 


Published Papers 


An attempt has been made to list 
most of Bateson’s publications so that 
the student desiring to find the refer- 
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ence to a particular paper may more 
readily do so. The bibliography, which 
is admittedly incomplete, contains some- 
thing over one hundred titles. Short 
notes, book reviews, critical comments 
and thoughts on various subjects such 
as “’Compulsory Greek at Cambridge,” 
“Organization of Scientific Work,” 
“Science in Russia,” “Classical and 
Modern Education,” etce., have been 
purposely included, for they illustrate, 
to some extent, the breadth of Mr. 
sateson’s interest, and the activity of 
his mind and pen. 


It will be noticed that most of the 
early papers deal with morphology, 
with special reference to Balanoglossus. 
As early as 1888, however, a title ap- 
pears, in which the word “variations” 
occurs. During the following decade, 
most of the papers deal with the sub- 
ject of Variation. 

In 1898, two years before the redis- 
covery of Mendelism, Bateson  pre- 
sented a paper on Hybrid Cinerarias to 
the Cambridge Philosophical Society, 
and from 1900 onwards, heredity was 
the subject most often dealt with. 


The crowing of the Bateson cocks, 
exhibited at a meeting of the Cam- 
bridge Philosophical Society in 1905, 
to illustrate the new “walnut” comb, is 
still spoken of with considerable de- 
light, by some of the older members 
of the society. 

The historically important, but now 
discarded theory of reduplication, was 
advanced in a paper by Bateson and 
Punnett read at the Fourth Interna- 
tional Conference of Genetics at Paris 
in 1911. 

The address delivered at the Toronto 
meeting of the American Association 
by Mr. Bateson in 1921, appears under 
the title “Evolutionary Faith and Mod- 
ern Doubts.” Newspapers played up 
the “Doubts” part of the title, giving 
some of their uninformed readers the 
idea that a leading English biologist 
entertained doubts as to the fact of 
evolution. This of course 


was far 
from the truth. eeling that this mis- 
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Magazine, Cambridge, April, 


conception of his paper might have 
played some part in stimulating the 
“Revolt Against the Teaching of Evo- 
lution in the United States,” Mr. Bate- 
son was careful to publish an explana- 
tion under that title in Nature, a few 
months after the Toronto incident oc- 
curred. 


In addition to his own writing, Mr. 
Bateson did a considerable amount of 
editorial work. He was Editor of the 
Journal of Genetics from its beginning 
in 1910 up to the time of his death 
in 1926. 


Some Traits of Character 


Two of Bateson’s classmates* have 
recorded some interesting impressions 
of their undergraduate days and sub- 
sequent associations in college life. 
They recall that Mr. Bateson seemed 
a sort of living protest against the 
“average” quality of his contemporaries. 
He was a man of frank independence 
in thought, word, and deed, possessed 
of a personality strongly marked. In 
college affairs, Bateson always kept the 
end in view, and made, as a rule, short 
work of obstacles. He was essentially 
a man of intuitions and convictions, 
and was a born leader. He loved to 
lead a cause and win. He was never 
for half-measures or compromises. In 
some ways, his was an impatient spirit. 
He had little use for idle small talk, 
though an argument roused him, but 
chess, whist, or bridge would keep 
him contented for hours. 


Collecting must have been a very 
early activity in his life. One of his 
boyhood nurses helped him with a be- 
ginner’s collection of insects and in 
later years Mr. Bateson showed his ap- 
preciation of this early and _ friendly 
help. He later became a collector not 
only of biological specimens but of 
coins, Japanese prints, and other arts 
and crafts, some of which are now 
deposited in the British Museum, of 
which Mr. Bateson was an_ elected 
trustee, 

Among the many fine things said 
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and written by friends and colleagues 
at the time of Mr. Bateson’s death, 
we quote the following: 


William Bateson had the rare distinction 
of combining great scientific attainments 
with an outstanding capacity for appreciating 
the artistic, literary and social sides of life. 
In the language of his own science he was 
“heterozygous.” He was a lover of the 
classics, and a keen upholder of the value 
of a classical education; he was widely read 
in English and French literature, having a 
special admiration for Balzac, with whose 
works he was very familiar; although his 
judgment was not infallible, he was no mean 
connoisseur of art, and he possessed a fine 
collection of pictures, especially of early 
Japanese prints; a judge of good wine and 
good food—qualities which distinguished his 
term of office as Steward of St. John’s Col- 
lege—he was exceedingly hospitable and an 
admirable host. 

As a scientist he was in no sense a spe- 
cialist, and he regretted the growing tendency 
towards specialization, holding, as he did, 
that the chief hope of great extensoins of 
human knowledge now lay rather in the 
field of synthesis than of further analysis, 
carried out in more or less water-tight com- 
partments by men who were not conversant 
with what was being done in other depart- 
ments. 

Those who had the good fortune to be 
numbered amongst his friends will always 
remember his charm of personality, his 
great gift of interesting conversation and 


his wide knowledge on matters outside his 
own subject. 


Haldane, a brilliant thinker and active 
worker, in the fields of bio-chemistry 
and genetics, wrote as follows: 


The characters which are inherited accord- 
ing to Mendel’s laws are so numerous and 
important, and their possible combinations 
so enormous, that a lesser man would in- 
evitably have devoted the remainder of his 
days to following out the detailed applica- 
tion of these laws. Bateson did so up to 
about 1912, but the last years of his life 
were largely given over to the investigation 
of exceptions to them, and we owe to him 
more than to any other one man the demon- 
stration not only that they are valid over a 
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vast range of material but that they occa- 
sionally break down. Bateson never tried 
to conceal his contempt for second rate work 
and second rate thought, and pursued the 
truth with no more regard for other people’s 
opinions than for his own. If Bateson had 
merely demonstrated the truth and impor- 
tance of Mendelian heredity the world would 
be his debtor. But he did much more than 
that. He has probably prevented Mendelism 
from becoming a dogma. 


One of Mr. Bateson’s closest asso- 
ciates in Cambridge University char- 
acterized him thus: 


Fearless in criticism and generous in ap- 
preciation, he stood above all for that spirit 
of freedom in inquiry through which alone 
the world may progress to better things. 


A fellow member of St. John’s Col- 
lege, Cambridge, writes: 


His enthusiasms were for clear-cut, new 
ideas. In his. scientific work, as in_ all 
things that really counted with him, he was 
filled with a very intense earnestness. Work- 
ing rapidly but thoroughly through the evi- 
dence on complex problems, he could arrive 
at firm conviction of where the truth lay. 
He was impatient of expositions which in- 
volve elaborate quantitative treatment and 
then still leave residual expense accounts. 


Morgan* has paid a fine tribute to 
Bateson, characterizing him as a man 
of outstanding intellect and command- 
ing personality: 

The ardor with which Bateson undertook 
to apply, test, and extend Mendel’s discovery, 
the keenness that he brought to bear on the 
new work, and the complete frankness with 
which he discussed “unconformable cases” 


had a wide influence on the rapidly growing 
School of Genetics. 


Morgan goes on to.say: 


If Batesen disagreed he said so flatly, and 
could always give a cogent argument for his 
disagreement. His intellectual rectitude was 
beyond all praise and recognized by friend 
and foe alike. 

The more difficult the problem the more 
it attracted him if it offered an opportunity 
for exact experimental investigation. 


“Treasure your exceptions,” he said. 


Partial List of Published Papers of William Bateson 


The Early Stages in the Development of 
Balanoglossus (sp. meert.). Quart. Jour. 
Micros. Sct. [London], n. ser. 24:208-236, 
4 pl. 1884. 

Note on the Later Stages in the Develop- 
ment of Balanoglossus Kowalevskii (Agas- 


*Loc. Cit. 


siz), and on the Affinities of the Enterop- 
neusta. Proc. Roy. Soc. London (1884), 
38 :23-30. 1885. 

The Later Stages in the Development of 
Balanoglossus Kowalevskii, with a Sugges- 
tion as to the Affinities of the Enteropneusta. 
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Quart. Jour. Micros, Sci. |London], n. ser. 
25 (supple.) 81-122, 6 pl. 1885. - 

Continued Account of the Later Stages in 
the Development of Balanoglossus Kowa- 
levsku, and of the Morphology of the Enter- 
opneusta. Quart. Jour. Micros. Sci. |Lon- 
don], n. ser. 26:511-533, 6 pl. 1886. 

On the Early Stages in the Development 
of Balanoglossus aurantiacus. Proc. Cam- 
bridge Phil. Soc. (1884), 5:107. 1886. 

On the Types of Excretory System Found 
in the Enteropneusta. Proc. Cambridge 
Phil. Soc., 5:225. 1886. 

Suggestions with Regard to the Nervous 
System of the Chordata. Proc. Cambridge 
Phil. Soc. (1885), 5:321. 1886. 

The Ancestry of the Chordata. Quart. 
Jour. Micros. Sci. [London], n. ser. 26:535- 
571. 1886. 

On Variations of Cardium edule from the 
Aral Sea. Proc. Cambridge Phil. Soc. 
(1888), 6:181-182. 1889. 

Suggestion that Certain Fossils known as 
Bilobites may be Regarded as Casts of 
Balanoglossus. Proc. Cambridge Phil. Soc. 
(1888), 6:298. 1889. 

Notes on the Senses and Habits of some 
Crustacea. Jour. Mar. Biol. Assoc. United 
Kingdom, n. ser., 1:211-214. 1889. 

Sense of Touch in the Rockling ( Motella). 
Jour. Mar. Biol. Assoc. United Kingdom, 
n. ser., 1:214. 1889. 

Sudden Colour Changes in Conger. Jour. 
Mar. Biol. Assoc. United Kingdom, n. ser., 
1:214-215. 1889. 

Contractility of the Iris im Fishes and 
Cephalopods. Jour. Mar. Biol. Assoc. United 
Kingdom, n. ser., 1:215-216. 1889. 

Modes in which Fish Are Affected by 
Artificial Light. Jour. Mar. Biol. Assoc. 
United Kingdom, n. ser. 1:216-217. 1889. 

Sound Heard by a Lamellibranch (Ano- 
mia). Jour. Mar. Biol. Assoc. United King- 
dom, n. ser. 1:217. 1889. 

The Sense-organs and Perceptions of 
Fishes; with Remarks on the Supply of 
Bait. Jour. Mar. Biol. Assoc. United King- 
dom, n. ser. 1:225-256, 1 pl. 1890. 

On some Variations of Cardium edule Ap- 
parently Correlated to the Conditions of 
Life. Phil. Trans. Roy. Soc. London, 180: 
297-330, 1 fig., 2 maps. 1890. See also Proc. 
Roy. Soc. London (1889), 46:204-211. 1890. 

On some Cases of Abnormal Repetition 
of Parts in Animals. Proc. Zool. Soe. 
London 1890, 579-588, 4 fig. 1890. 

On Variations in the Floral Symmetry of 
Certain Plants having Irregular Corollas. 
Jour. Linnean Soc. |London| Bot. 28 :386- 
424, 2 pl. 1891. (Collab. Anna Bateson.) 

On the Perceptions and Modes of Feeding 
of Fishes. Proc. Cambridge Phil. Soc. 
(1890) 7:42-43. 1892. 

On some Skulls of Egyptian Mummied 
Cats. Proc. Cambridge Phil. Soc. (1890) 
7:68. 1892. 

On the Nature of Supernumery Appendages 


in Insects. Proc. Cambridge Phil. Soe. 
(1891) 7:159. 1892. 

On Variations in the Colour of Cocoons 
(Saturnia carpmi and Ertogaster lanestris), 
with Reference to Recent Theories of Protec- 
tive Coloration. Proc. Cambridge Phil. Soc. 
(1891) 7:251. 1892. 

On some cases of Variations in Secondary 
Sexual Characters, Statistically Examined. 
Proc. Zool. Soc. London 1892 585-594, 6 fig. 
1892. (Collab. Harold Hulme Brindley.) 

Qn Variation in the Colour of Cocoons 
of Eriogaster lanestris and Saturnia carpini. 
Trans. Entomol. Soc. London 1892: 45-52. 
1892. 

On Variation in the Colour of Cocoons, 
Pupe, and larve; further experiments. 
Trans. Entomol. Soc. London 1892: 205-214. 
1892. 

The Alleged “Aggressive Mimicry” of 
Volucellz Nature 46:585-586; 47 :77-78. 
1892. 

On Numerical Variation in Teeth, with a 
Discussion of the Conception of Homology. 
Proc. Zool. Soc. London 1892: 102-115, 6 fig. 
1892. 

Qn an Abnormal Foot of a Calf. Proc. 
Zool. Soc. London 1893: 530-531. 1893. 

Materials for the study of Variation Treated 
with Especial Regard to Discontinuity in the 
Origin of Species. 598 p., 209 fig. London 
and New York. 1894. 

On Specimens of Clupea pilchardus, Show- 
ing Variation in the number and Size of 
the Scales. Proc. Zool. Soc. London 1894: 
164. 1894. 

On two Cases of Colour-variation in Flat- 
fishes Illustrating Principles of Symmetry. 
Proc. Zool. Soc. London 1894: 246-249, 1 pl. 
1894. 

Note in Correction of a Paper on Colour- 
variation in Flat-fishes. Proc. Zool. Soc. 
London 1895: 890-891. 1895. 

Qn Numerical Variation in Digits, in Illus- 
tration of a Principle of Symmetry. (Abs- 
tract.) Proc. Cambridge Phil. Soc. (1893) 
8:61. 1895. 

The Origin of the Cultivated Cuineraria. 
Nature 51:605-607; 52:29; 103-104. 1895. 

On the Colour-variations of a Beetle of 
the Family Chrysomelide, Statistically Exam- 
ined. Proc. Zool. Soc. London 1895: 850-860, 
1 pl. 1895. 

Webbed feet in Antwerp pigeons. Proc. 
Zool. Soc. London 1896: 989-990. 1896. 

On Progress in the Study of Variation. 
Sci. Prog, n. ser. 1: 554-568, 1897; n. ser. 
2 :53-68. 1898 

Notes on Hybrid Cinerarias Produced by 
Mr. Lynch and Miss Pertz. Proc. Cam- 
bridge Phil. Soc. (1897) 9:308-309. 1898. 

Hybridization and Cross-breeding as a 
Method of Scientific Investigation. Jour. 
Roy. Hortic. Soc. 24:59-66. 1900. 

Problems of Heredity as a Subject for 
Horticultural Investigation. Jour. Roy. Hor- 
tic. Soc. 25:54-61, 1 fig. 1900. 
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On a Case of Homeeosis in a Crustacean 
of the Genus Asellus—Antennule replaced 
by a Mandible. Proc. Zool. Soc. London 
1900: 268-271, 2 fig. 1900. 


Notes on the Inheritance of Variation in 
the Corolla of Veronica Buxbaumu. Proc. 
Cambridge Phil. Soc. (1899) 10:78-92, 1 pl. 
1900. (Collab. Dorothea F. M. Pertz.) 


Introduction to Translation of “Experi- 
ments in Plant Hybridization,’ by Gregor 
Mendel. Jour. Roy. Hortic. Soc. 26:1-3. 
1901, 


Mendels Principles of Heredity. A De- 
fence. 212 p. Cambridge. 1902. 

Heredity, Differentiation, and other Con- 
ceptions of Biology; a Consideration of 
Professor Karl Pearson’s Paper “On _ the 
Principles of Homotyposis.” Proc. Roy. 
Soc. London 69:193-205. 1902. 

Experimental Studies in the Physiology of 
Heredity. Reports to the Evolution Com- 
mittee of the Royal Society, 1, 160 p. 1902. 
(Collab. E. R. Saunders. ) 

Note on the Resolution of Compound 
Characters by Cross-breeding. Proc. Cam- 
bridge Phil. Soc. (1902) 12:50-54. 1908. 
(See also Nature 67:215. 1903.) 

Variation and Differentiation in Parts and 
Brethren. 23 p. (Printed for the author.) 
Cambridge. 1903. 

On Mendelian Heredity of Three Charac- 
ters Allelomorphic to Each Other. Proc. 
Cambridge Phil. Soc. 12:153-154. 1903. 
(See also Nature 68:142. 1903.) 

Mendel’s Principles of Heredity in Mice. 
Nature 67 :462-463, 585-586; 68:33-34. 1905. 

The Present State of Knowledge of 
Colour-heredity in Mice and Rats. Proc. 
Zool. Soc. London 2:71-99. 1903. 

Practical Aspects of the new Discoveries 
in Heredity. Hortic. Soc. N. Y. Mem. 
1:1-8. 1904, 

Presidential Address to Section D, Zoology. 
Rept. Brit. Assoc. Adv. Sct. 74:574-589. 
1904. (See also Nature 70:406-413, 539. 
1904. ) 

Experimental Studies in the Physiology of 
Heredity. Report of the Committee. eft. 
Brit. Assoc. Adv. Sct. 74:346-348. 1904. 

Experimental Studies in the Physiology of 
Heredity. Reports to the Evolution Commit- 
tee of the Royal Society, no. 2, p. 1-131. 
1905. (Collab. E. R.- Saunders, R. C. 
Punnett, and C. C. Hurst.) 

On the Inheritance of MHeterostylism in 
Primula. Proc. Roy. Soc. London. (ser. B) 
76:581-586. 1905. (Collab. R. P. Gregory.) 

Compulsory Greek at Cambridge. Nature 
71:390. 1905. 

A Suggestion as to the Nature of the 
“Walnut” Comb in Fowls. Proc. Cambridge 
Phil. Soc. 13:165-168. 1906. (Collab. R. 
C. Punnett.) 

Experimental Studies in the Physiology 
of Heredity. Reports to the Evolution Com- 
mittee of the Royal Society, no. 3, 53 Pp., 


4 fig. 1906. (Collab. E. R. Saunders, and 
R. C. Punnett. 

A Text-book of Genetics. (Rev. of: 
Lotsy, J. P., 1. Vorlesungen uber Deszendenz 
theorien mit besonderer  Berticksichtigung 
der botanischen Seite der Frage, gehalten 
an der Reichsuniversitat zu Leiden. Jena. 
1906.) Nature 74:146-147. 1906. 

An Address on Mendelian Heredity and 
its Application to Man. Brain 29:157-179, 
3 pl. 11 fig. 1906. 

The Progress of Genetics since the Re- 
discovery of Mendel’s Papers. Prog. Rei, 
Bot., Jena 1:368-418. 1907. 

The Progress of Genetic Research. Rept. 
Internation. Conf. Genetics (1906) 3:90-97. 
1907. (See also Gard. Chron., ser. 3. 40:81- 
83. 1906.) 

Facts Limiting the Theory of Heredity. 
Science, n. ser. 26:649-660. 1907. 

Trotting and Pacing: Dominant and Re- 
cessive? Science, n. ser. 26:908. 1907. 

Experimental Studies in the Physiology of 
Heredity. Reports to the Evolution Com- 
mittee of the Royal Society, no. 4, p. 1-40. 
1908. (Collab. E. R. Saunders, H. B. 
Kilby, and R. C. Punnett. ) 

The Method and Scope of Genetics. 
(Inaugural lecture delivered Oct. 23, 1908.) 
49 p. Cambridge. 1908. 

Lectures on Evolution. (Rev. of: Lotsy, 
J. P., Il. Vorlesungen tiber Deszendenz- 
theorien mit besonderer  Berticksichtigung 
der botanischen Seite der Frage. Jena. 1908.) 
Nature 78: 386-387. 1908. 

The Heredity of Sex. Science n. ser. 27: 
785-787. (Collab. with R. C. Punnett.) 

Mendel’s Principles of Heredity. 396 p., 
6 pl., 38 fig. Cambridge. 1909. 

Heredity and Variation in Modern Lights. 
In Darwin and Modern Science (Centenary 
essays). Edited by A. C. Seward. Pp. 85- 
101. Cambridge. 1909. 

Mendelian Heredity: a Correction. Nature 
82:69. 1909. 

The Inheritance of the Peculiar Pigmen- 
tation of the Silky Fowl Jour. Genetics 
1:185-203. 1911. (Collab. R. C. Punnett.) 

On the Inter-relations of Genetic Factors. 
Proc. Roy. Soc. London, ser. B, 84:3-8. 
1911. (See also Nature 86:199. 1911.) 
(Collab. R. C. Punnett.) 

On Gametic Series Involving Reduplication 
of Certain Terms. Jour. Genetics 1:293-302. 
1 pl, 4 fig. 1911. (See also Verhandl. 
Naturforsch. Ver. Briinn (1910) 49: 324- 
334, 3 fig. 1911.) (Collab. R. C. Punnett.) 

A Case of Gametic Coupling in Pisum. 
Nature 86:199. 1911. (Collab. with P. de 
Vilmorin. ) 

Recent Advances in the Genetics of Plants. 
(Rev. of: Baur, E. Einftthrung in die Ex- 
perimentelle Vererbungslehre. Berlin. 1911.) 
Nature 88:36-37. 1911. 

Biological Fact and the Structure of So- 
ciety. (The Herbert Spencer Lecture deliv- 
ered on Feb. 28, 1912.) 34 p. Oxford. 1912. 
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Problems of Genetics. 
fig. New Haven. 1913. 

Reduplication of Terms Series of 
Gametes. Kept. Internation. Conf. Genetics, 
Parts (1911) 4:99-100. 1913. (See also 
Nature 87:532. 1911.) (Collab. R. C. Pun- 
nett. ) 

Animals and Plants under Domestication. 
Gard. Chron., ser. 3, 55:74, 92, 112, 131, 149, 
171. 1914. (Abstracts of lectures before 
the John Innes Hortic. Inst. Merton.) 

Heredity. Rept. Brit. Assoc. Adv. Sct. 
(1914) 84:1-38. 1915. (See also Science, 
n. ser. 40:287-302, 319-333. 1914; Nature 
93 1635-642, 674-681, 1914; Smithsn. Inst. 
Ann. Rept. 1915: 359-394. 1916.) (Address 
ot the President of the British Association 
for the Advancement of Science.) 

Note on an Orderly Dissimilarity in In- 
heritance from Different Parts of a Plant. 
Proc. Roy. Soc. London, ser. B, 89 :174-175. 
1916. (See also Nature 96: 667. 1916.) 
(Collab. Caroline Pellew.) 

Qn the Genetics of “Rogues” among Culi- 
nary Peas (Pisum sativum). Jour. Genetics 
5:13-36, 6 pl. 1916. (Collab. Caroline Pel- 
lew. ) 

Notes on Experiments with Flax at the 
John Innes Horticultural Institution. Jour. 
Genetics 5:199-201. 1916. 

Root-cuttings, Chimeras and 
Jour. Genetics 6:75-80, 1 pl. 1916. 

Notes on a Pheasant Showing Abnormal 
Sex-characters. Jour. Genetics 6:163-164, 
1 pl 1917. (Collab. Rose Haig Thomas. ) 

Is Variation a Reality? (Rev. of: Lotsy, 
J. P.. Evolution by Means of Hybridization. 
The Hague. 1916.) Nature 99:43-44. 1917. 

Cytology and Genetics. Nature 100:359. 
1918. 

The Late Mr. R. P. Gregory. 
102 :284. 1918. 

Dr. Kammerer’s Testimony to the Inher- 
itance of Acquired Characters. Nature 103: 
344-345. 1919. 

Double flowers and Sex-linkage in Bego- 
nia. Jour. Genetics 8:199-207, 1 pl. 1919. 
(Collab. Ida Sutton.) 

Linkage in the Silkworm: a Correction. 
Nature 104:315. 1919. 

The Progress of Mendelism. Nature 104: 
214-216. 1919. 

Studies in Variegation. I. Jour. Genetics 
8 :93-99, 2 pl, 1 fig. 1919. 

The Genetics of “Rogues” among Culinary 
Peas (Pisum sativum). Nature 1043659. 
1920. (Collab. Caroline Pellew.) 

Organization of Scientific Work. 
105:6. 1920. 

Prof. L. Doncaster, F. R. S. Nature 105: 
461-462. 1920. (Obituary notice.) ‘ 

Genetic Segregation. (Croonian Lecture.) 
Proc. Roy. Soc. London, ser B, 91:358-368. 
1920. (See also Nature 105:531. 1920; 
Amer. Nat. 5525-19. 1921.) 

Classical and Modern Education. 
108 :64-66. 1921. 
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Commonsense in Racial Problems, TJ/re 
Eugenics Review, Vol. 13, p. 325, 1921. 

The Determination of Sex. (Rev. of: 
Goldschmidt, R., Mechanismus Physio- 
logie der Geschlechts-bestimmung. Berlin. 
1920.) Nature 106:719-721. 1921. 

Male-sterility in Flax, Subject to Two 
Typhes of Segregation. Jour. Genetics 11: 
269-275, 1 pl. 1921. (Collab. A. FE. Gaird- 
ner. ) 

Root-cuttings and Chimeras. Il. Jour. 
Genetics 11:91-97, 2 pl. 1921. 

Variegation in a Fern. Nature 107 :2335. 
1921. 

Evolutionary Faith and Modern Doubts. 
Science, n. ser. 55: 55-61. 1922. (See also 
Nature 109:553-556. 1922.) 

Interspecific Sterility. Nature 110:76. 1922. 

Area of Distribution as a Measure oft 
Evolutionary Age. (Rev. of: Willis, J. C., 
Age and Area: a Study in Geographical Dis- 
tribution and Origin of Species. Cambridge. 
1922.) Nature 111:39-43. 1923. 

Dr. Kammerer’s Alytes. Nature 111:738- 
739, 878. 1 fig. 1923. 

Genetics of Primula sinensis. Jour. Gen- 
ctics 13:219-263, 8 pl. 1923. (Collab. with 
R. P. Gregory, and D. de Winton.) 

The Revolt against the Teaching of Evolu- 
tion in the United States. Nature 112 :313- 
314. 1923. 

The Inheritance of Acquired Characters in 
Alytes. Nature 112:391. 1923. 

Experiments on Alytes and Ciona. Nature 
112 :899. 1923. 

Somatic Segregation in Plants. lerslag 
Internation. Tumbouw-Congres Amsterdam 
1923 :155-158. 1923. (Résumées in Dutch, 
French and German, p. 156-158.) 

Note on the Nature of Plant-chimeras. 
In Studia Mendeliana, p. 9-12, 1 pl. Brunze 
1923. 

Progress in Biology. 
681-682. 1924. 

Mendeliana. (Rev. of: (1) Correns, Carl, 
Gesamelte Abhandlungen zur  Verebungs- 
wissenschaft aus periodischen Schriften, 1899- 
1924, Berlin, 1924; (2) Mendel, Gregor 
Johann, Leben, Werk und Wirkung. Berlin. 
1924.) Nature 115:827-830. 1925. 

Evolution and Intellectual Freedom. Na- 
ture 116 (supple.) :78. 1925. 

Huxley and Evolution. Nature 115 (sup- 
ple.) :715-717. 1925. 

Pelargoniums and the Production of Bud- 
sports. Nature 116:189. 1925. (Paper to 
Linnean Society, June 11.) 

Science in Russia. Nature 116:681-683. 
1925. 

On Certain Aberrations of the Red-legged 
Partridges Alectoris rufa and saxatilis. 
Jour. Genetics 16:101-123, 4 pl. 1925. (Col- 
lab. Gregory Bateson.) 

Segregation: Being the Joseph Leidy Mem- 
orial Lecture of the University of Penn- 
svlvania, 1922. Jour. Genetics 16:201-235. 
1926. 


Nature 113 :644-646, 
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On a Case of Homeeosis in a Crustacean 
of the Genus Asellus—Antennule replaced 
by a Mandible. Proc. Zool. Soc. London 
1900: 268-271, 2 fig. 1900. 


Notes on the Inheritance of Variation in 
the Corolla of Veronica Buxbaumu. Proc. 
Cambridge Phil. Soc. (1899) 10:78-92, 1 pl. 
1900. (Collab. Dorothea F. M. Pertz.) 


Introduction to Translation of “Experi- 
ments in Plant Hybridization,” by Gregor 
Mendel. Jour. Roy. Hortic. Soc. 26:1-3. 
1901. 


Mendels Principles of Heredity. A De- 
fence. 212 p. Cambridge. 1902. 

Heredity, Differentiation, and other Con- 
ceptions of Biology; a Consideration of 
Professor Karl Pearson’s Paper “On the 
Principles of Homotyposis.” Proc. Roy. 


Soc. London 69:193-205. 1902. 


Experimental Studies in the Physiology ot 
Heredity. Reports to the Evolution Com- 
mittee of the Royal Society, 1, 160 p. 1902. 
(Collab. E. R. Saunders.) 

Note on the Resolution of Compound 
Characters by Cross-breeding. Proc. Cam- 
bridge Phil. Soc. (1902) 12:50-54. 1903. 
(See also Nature 67:215. 1903.) 

Variation and Differentiation in Parts and 
Brethren. 23 p. (Printed for the author.) 
Cambridge. 1903. 

On Mendelian Heredity of Three Charac- 
ters Allelomorphic to Each Other. Proc. 
Cambridge Phil. Soc. 12:153-154. 1903. 
(See also Nature 68:142. 1903.) 

Mendel’s Principles of Heredity in Mice. 
Nature 67 1462-463, 585-586; 68:33-34. 1903. 

The Present State of Knowledge of 
Colour-heredity in Mice and Rats. Proc. 
Zool. Soc. London 2:71-99. 1903. 

Practical Aspects of the new Discoveries 
in Heredity. Hortic. Soc. N. Y. Mem. 
1:1-8. 1904. 

Presidential Address to Section D, Zoology. 
Rept. Brit. Assoc. Adv. Sct. 74:574-589. 
1904. (See also Nature 70:406-413, 539. 
1904. ) 

Experimental Studies in the Physiology of 
Heredity. Report of the Committee. Kept. 
Brit. Assoc. Adv. Sct. 74:346-348. 1904. 

Experimental Studies in the Physiology of 
Heredity. Reports to the Evolution Commit- 
tee of the Royal ‘Society, no. 2, p. 1-131. 
1905. (Collab. E. R. Saunders, R. C. 
Punnett, and C. C. Hurst.) 

On the Inheritance of MHeterostylism in 
Primula. Proc. Roy. Soc. London. (ser. B) 
76:581-586. 1905. (Collab. R. P. Gregory.) 

Compulsory Greek at Cambridge. Nature 
71:390. 1905. 

A Suggestion as to the Nature of the 
“Walnut” Comb in Fowls. Proc. Cambridge 
Phil. Soc. 13:165-168. 1906. (Collab. R. 
Punnett.) 

Experimental Studies in the Physiology 
of Heredity. Reports to the Evolution Com- 
mittee of the Royal Society, no. 3, 53 p., 


4 fig. 1906. (Collab. E. R. Saunders, and 
R. C. Punnett. 

A Text-book of Genetics. (Rev. of: 
Lotsy, J. P., 1. Vorlesungen uber Deszendenz 
theorien mit besonderer  Beriicksichtigung 
der botanischen Seite der Frage, gehalten 
an der Reichsuniversitat zu Leiden. Jena. 
1906.) Nature 74:146-147. 1906. 

An Address on Mendelian Heredity and 
its Application to Man. Brain 29:157-179, 
3 pl. 11 fig. 1906. 

The Progress of Genetics since the Re- 
discovery of Mendel’s Papers. Prog. Rei, 
Bot., Jena 1:368-418. 1907. 

The Progress of Genetic Research. Rept. 
Internation. Conf. Genetics (1906) 3:90-97. 
1907. (See also Gard. Chron., ser. 3. 40:81- 
83. 1906.) 

Facts Limiting the Theory of Heredity. 
Science, n. ser. 26:649-660. 1907. 

Trotting and Pacing: Dominant and Re- 
cessive? Sctence, n. ser. 26:908. 1907. 

Experimental Studies in the Physiology of 
Heredity. Reports to the Evolution Com- 
mittee of the Royal Society, no. 4, p. 1-40. 
1908. (Collab. E. R. Saunders, H. B. 
Kilby, and R. C. Punnett. ) 

The Method and Scope of ( 
(Inaugural lecture delivered Oct. 23 
49 p. Cambridge. 1908. 

Lectures on Evolution. (Rey. of: Lotsy, 
J. P., Il. Vorlesungen tiber Deszendenz- 
theorien mit  besonderer’ Berticksichtigung 
der botanischen Seite der Frage. Jena. 1908. ) 
Nature 78: 386-387. 1908. 

The Heredity of Sex. Science n. ser. 27: 
785-787. (Collab. with R. C. Punnett.) 

Mendel’s Principles of Heredity. 396 p., 
6 pl, 38 fig. Cambridge. 1909. 

Heredity and Variation in Modern Lights. 
In Darwin and Modern Science (Centenary 
essays). Edited by A. C. Seward. Pp. 85- 
101. Cambridge. 1909. 

Mendelian Heredity: a Correction. Nature 
82:69. 1909. 

The Inheritance of the Peculiar Pigmen- 
tation of the Silkv Fowl. Jour. Genetics 
1:185-203. 1911. (Collab. R. C. Punnett.) 

On the Inter-relations of Genetic Factors. 
Proc. Roy. Soc. London, ser. B, 84:3-8. 
1911. (See also Nature 86:199. 1911.) 
(Collab. R. C. Punnett.) 

On Gametic Series Involving Reduplication 
of Certain Terms. Jour. Genetics 1:293-302. 
1 pl, 4 fig. 1911. (See also Verhandl. 
Naturforsch. Ver. Briinn (1910) 49: 324- 
334, 3 fig. 1911.) (Collab. R. C. Punnett.) 

A Case of Gametic Coupling in Pisum. 
Nature 86:199. 1911. (Collab. with P. de 
Vilmorin. ) 

Recent Advances in the Genetics of Plants. 
(Rev. of: Baur, E. Einfithrung in die Ex- 
perimentelle Vererbungslehre. Berlin. 1911.) 
Nature 88:36-37. 1911. 

Biological Fact and the Structure of So- 
cietv. (The Herbert Spencer Lecture deliv- 
ered on Feb. 28, 1912.) 34 p. Oxford. 1912. 
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Problems of Genetics. 258 p., 2 pl, 13 
fg. New Haven. 1913. 

Reduplication of Terms Series. of 
Gametes. Rept. Internation. Conf. Genetics, 
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COLOR RELATION HEALTH 


Of Wild and Domestic Animals 


S. HADWEN, with a Note by E. L. Harrtneton 


University 


HE quotations given below. of 


old and of recent work show 
that there are still differences of 
opinion regarding the color of animals. 
The writer ventures to record certain 
facts which bear on the subject. He 
believes that white is a poor color for 
the domestic animals, as regards their 
health—that it is not natural, and that 
it has been produced by artificial selec- 
tion. He bases his ideas _ principally 
on experience gained in Canada and in 
the Arctic regions. 
Buxton? in a recent work on desert 
animals states as follows 


There is no doubt that the color of desert 
animals is in some way the result of the 
conditions under which the creatures live, 
because it is quite characteristic of them, 
and not of animals from other types of 
country. Whether this color is due _ to 
climate or is protective we do not know. 
....In many desert animals the under 
surface is very pale or quite white. 

The predominating colors of all 
desert animals in all countries accord- 
ing to Buxton are isabelline (buck- 
skin) or reddish buff or greyish: 

There is only one important exception to 
the generalization that desert animals re- 
semble in color the soil on which they live, 
but it is a most remarkable one; in many 
deserts a number of the indigenous animals 
are black. 

We must remember that black absorbs 
more radiant heat than any other color. 
Presumably therefore a black creature must 
evaporate more water than a similar buff 
creature, if it is to keep its body tempera- 
ture below a certain figure on a particular 
day. This, one would suppose, would severe- 
ly handicap the black creatures under cir- 
cumstances in which water is extremely 
scarce. 


Wallace said, in writing on the con- 
stancy of animal color, that: 


The extreme variations in color that imme- 
diately arise under domestication indicate a 
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tendency to vary in this way, and the occa- 
sional occurence of white or piebald or other 


exceptionally colored individuals in many 
species in a_ state of nature, shows that 
this tendency exists there also; and, as 


these exceptionally colored individuals rarely 
or never increase, there must be some con- 
stant power at work to keep it in check. 
This power can only be natural selection or 
the survival of the fittest, which again 
implies that some colors are useful, some 
injurious, in each particular case. With 
this principle as our guide, let us see how 
far we can account for the general and 
special colors of the animal world. 


In his concluding remarks on 
origin and uses of color in 
Wallace remarked: 


the 
animals 


On a review of the whole 
we must conclude that there 
ot the individual or prevalent colors’ or 
organisms being directly determined by the 
amount of light, or heat, or moisture, to 
which they are exposed; while, on the other 
hand, the two great principles of the need 
of concealment from enemies or from their 
prey, and of the recognition by their own 
kind, are so wide reaching in their applica- 
tion that they appear at first sight to cover 
almost the whole ground of animal colora- 
[Wallace remarks that an ex- 
planation has been suggested for the white 
color of Arctic animals] that the white 
color is chiefly beneficial as a means of 
checking radiation and so preserving animal 
heat during the severity of the Arctic 
winter... . [Wallace added, however] This 
suggestion is also a hypothesis merely, since 
it has not been proved by experiment that a 
white color, per se, independent of the fur 
or feathers which is so colored, has any 
effect whatever in checking the radiation of 
low-grade heat like that of the animal body. 

Hogben! the author of a new work 
on the Pigmentary Effector system of 
Amphibia, Fishes and Reptiles says: 

One recalls the interest aroused by the 
observations of Alfred Russell Wallace and 
his contemporaries on protective resemblance 
and “mimicry”; the immense importance 
attached to the subject in the controversies 
that centered round the truth of the evo- 


subject, then, 
is no evidence 
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lutionary doctrine; and the gradual recog- 
nition that little profit could be gained from 
the further discussion of such phenomena 
except on the basis of genetical investiga- 
tion, [He adds a little later] to penetrate by 
experimental inquiry beyond the indolent 
satisfaction that comes to many minds in 
contemplating a universe in which there 
exists an order exquisitely adjusted by the 
projection of man’s native bias in favor of 
purpose in nature. 


This reference shows the modern 
attitude toward the study of animal 
coloration. A number of recent papers 
bearing on coloration have been studied, 
including genetical investigations, but 
the question of health, or to give it an 
old name with another meaning—pro- 
tective coloration—seems to be left al- 
most entirely to one side, except by 
medical men and to a lesser extent by 
veterinarians. It was the old school led 
by Darwin and Wallace who wrote of 
color and health, and moreover laid 
much emphasis on it. 


White and Spotted Domestic Animals 


It would seem probable that breed- 
ers have selected and bred white and 
parti-colored animals, not on account 
of their being better or stronger, but 
because the color effect is pleasing to 
the eye. In the case of reindeer the 
LLapps say that they keep a few white 
animals because these can be easily 
seen from great distances, and thus 
help in finding the herds. But the 
Lapps have another reason for the 
preservation of white animals; they 
one and all affect white gauntlets when 
they desire to be smartly dressed in 
winter. The Eskimo also delights in 
a white or spotted reindeer skin, which 
he makes into a coat (parka) or else 
into long fur boots. 

uite recently the Clyde breeders 
are developing spotted and _ wall-eyed 
horses. This last example is probably 
in part accidental through close breed- 
ing with a spotted strain. 

There are numerous examples of 
other breeds of domestic animals in 
which white color markings are care- 


*In a personal communication Dr. 


ALBINOTIC AND PIGMENTED AREAS 


Figure 2 


A bay horse with white blaze on face. 
Inside the right nostril the dividing line be- 
tween the bay and the white hair is sharp 
and decided. On the left side of the nose 
the bay marking shades off gradually into 
the white. For about half an inch white 
hair covers pigmented skin, which is lighter 
in color than that underlying the bay hair. 
The cross mark indicates the line referred to. 


fully preserved, but in no case can 
the writer find any useful purpose in 
it as regards the health and strength 
of the animals.* 


Spotted Black and White Cattle 


In Canada, Holstein Friesian cattle 
often suffer from the effects of sun- 
burn. The white parts of the skin 
become scalded and sore, and in severe 
cases a dermatitis may follow, causing 
portions of the skin to slough away. It 
these skin lesions are examined closely 


W. Nelson of Washington informs me that when 


domesticated cattle and horses, which always have more or less white or spotted individuals 
among them, are permitted to revert to a wild state for a long period, they almost always 
breed back to a general uniformity of color such as characterizes any wild species. 
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WHITE REINDEER 
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Figure 3 
The characteristic dark iris indicates that white reindeer are not true albinos, and no 


pink-eyed reindeer have ever been seen by the author. 
respects: their eyes are weak, and they sleep much of the time. 
approached and become the prey of wild animals. 
and there as an aid in locating the herd at a distance. 


it will be seen that the burn ends ab- 
ruptly at the junction of the white 
skin and the black. The skin under- 
lving the white hair is unpigmented and 
pink, which accounts for its great 
susceptibility to sunburn. It must be 
remembered that Holstein cattle are 
dairy animals and that consequently 
they are housed and liberated at ir- 
regular intervals, which predisposes 
them to sun scald. Darwin mentioned 
cattle a number of times in his writ- 
ings, quoting various observers who 
had seen skin lesions in white or spot- 
ted cattle, and he evidently believed 
that white was an unsuitable color. 


In both cattle and horses a curious 
distribution of pigment has been -ob- 
served round albinotic areas. The dark 
edges may taper off into the depig- 
mented part very gradually, so that 
there is a zone which is neither one 
color nor the other. Generally the line 
between the white and black is sharp- 


White reindeer are deficient in many 
As a result they are easily 
Lapp herders value a white animal here 
(Courtesy U. S. Biological Survey.) 


ly defined. ‘This tapering process sug- 
gests that the invading pigment was 
slowly arrested in its advance by some 
inhibiting agent. The writer is at- 
tempting a study of these areas. (Fig- 
ure 2). 

White Pigs 


These animals are great sufferers 
from sun scald at certain seasons of 
the year. In the worst cases nearly 
the whole of the skin of the back has 
been known to slough away. Black 
pigs living under the same conditions 
suffer no harm. In this connection it 
is interesting to recall Darwin’s quota- 
tion of Heusinger, “it appears that 
white sheep and pigs are injured by 
certain plants, whilst dark-colored in- 
dividuals escape.” Darwin also quoted 
Wyman “we select the black members 
of a litter (of pigs) for raising, as 
they alone have a good chance of 
living.” 
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PIGMENTED SUMMER COAT 


Figure 4 
A Norwegian reindeer. Tromsdal, Norway, Aug. 17, 1926. The summer coat is thinner 
than the winter coat, and the hair is more shiny. The change in color is not so marked as 
with some arctic animals, but the color change serves the same purpose, as a protection from 


the actinic rays of the summer sun. 


white parts of the skin to the sun’s 
rays occurs in man and animals in 
countries where buckwheat is grown. 
This affectation only attacks the un- 
pigmented parts of the skin. In some 
districts of Ontario where alsike clover 
is grown extensively, it is reported that 
skin troubles have been noticed in grey 
or white horses. These animals suffer 
from an eruption round the feet and 
mouth when they are out at pasture. 
A similar occurence has been noted in 
Australia. In Western Canada_ the 
writer has seen pigs, which were graz- 
ing on Lucerne, badly sun scorched. 


White Reindeer and Other Arctic 
Animals 


In a study of reindeer both in Alaska 
and in Lapland the writer has stated? 


that white reindeer are deficient ani- 
mals. White reindeer occupy an anom- 
alous position in the summer time 
amongst other Arctic terrestrial ani- 
mals: inasmuch as they remain white 
throughout the season. In winter they 
appeared to be almost normal, but in 
the summer they were found to be de- 
ficient in vision, hearing, and sense of 
smell. Darwin’s statement that white 
cats with blue eyes are deat has, 
perhaps a wider significance than he 
realized. White reindeer have sleep- 
ing propensities in the sunlight, and it 
is possible to approach them, and even 
to catch them at times. The Lapps 
are well aware of this fact and say 
that such individuals become the prev 
of wild animals more easily than rein- 
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REINDEER IN WINTER 
Figure 5 
It will be noticed that the coloration is light, with the exception of the dark legs and 


the strip along the flanks. Photographed near Iditarod, Alaska. (Courtesy U. S. Biological 
Survey. ) 


deer having the natural color pattern. 
They are not true albinos as the iris is 
pigmented a bluish grey, giving a wall- 
eyed appearance. (Figure 3.) The eye- 
lids are pink and the skin of the body 
is also depigmented. In the sun the 
eyelids are kept half closed and the 
eyes have a watery appearance. In no 
instance was a true pink-eyed albino 
encountered. The horns are pink, and 
in the vascular growing stage are usually 
sore and scabby from sun scald. The 
ends of the horns are rounder and 
blunter than is the case in normal 
healthy animals. In parti-colored rein- 
deer where the horns are often splashed 
with white, these portions may become 
sun scalded and the darker parts remain 
quite healthy. Reindeer shed their hair 
rapidly when warm weather approaches, 
the bucks first in May, then the younger 
animals and finally the does, the whole 
process being over early in July, ex- 
cept in the case of old or diseased ani- 
mals. The color of the new hair is 


2 
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dark—almost black in some cases (Fig- 
ure 4). This is true also of the young 
fawns which are dropped from the 
middle of April to the fifteenth of May 
or thereabouts. Their coloring is like 
that of the northern Mink, a rich dark 
brown. The hair gradually becomes 
lighter as the season advances, except 
for a line along the flanks and the 
lower part of the legs, and when the 
autumn is reached, the general color- 
ing is of soft yellows, browns, grey 
and white. (Figure 5). The period of 
the year when the hair is darkest is 
during the long hot sunshiny days. 
These changes are not as rapid or as 
early as those which occur in the white 
foxes, rabbits or ptarmigan, but they 
are the same in effect. To sum up— 
white reindeer suffer from sun scald 
because they do not change color in 
summer—the normal animal after shed-- 
ding its winter coat grows a dark, thin- 
ner coat of hair, to protect itself 
against the sun. 
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OLD WHITE HORSE 


Figure 6 


These spots are rusty red in color. 


As animals grow older their hair becomes less pig- 


mented; the formation of such spots appears to be due to the skin’s taking over the light- 


protective function of the hair. 


The writer believes that this para- 
eraph and the following ones answer 
Buxton’s queries (mentioned in_ the 
forepart of the paper) about the black 
coloration of desert animals. 


The Reason for Sun-scald and 
Dermatitis in Domestic 


Animals 


It is quite clear that simple sun- 
scald occurs most frequently in animals 
which have been housed and_ then 
turned out into bright sunshine. It is 
probable that the difference between 
the sensitization caused by the ingestion 
of vegetable proteins and that due to 
simple sun scalding, is that in the first 
instance the animals may show symp- 
toms while living constantly out of 
doors, and in the other they only de- 
velop serious lesions when they are 
suddenly exposed to the full force of 
the sun’s rays after a period of con- 
finement. In the case of the white 


reindeer mentioned above, housing does 


not enter into the problem at all. The 
sun-scald occurs on the horns in the 
very vascular growing stage. They 


are exposed to the full effect of the 
sun, day and night (in the Arctic re- 
gions) and the horns are unprotected 
except for a downy growth of hair. 
It must be mentioned also that when 
reindeer are what is called ‘‘close 
herded,’ which is a common practice 
of the Lapps, they get little oppor- 
tunity of finding shade. In wild animals 
which have the coloring best suited to 
their needs, it is doubtful if sun-scald 
ever occurs except in piebald or albino 
individuals, and even then the fact of 
their being constantly exposed to the 
elements would tend to modify the 
symptoms shown. 


Melanotic Tumors in White Horses 


It is a well known fact that dapple 
grey horses turn gradually whiter as 
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ALBINOTIC AREAS 
CAUSTIC 


Figure 7 


CAUSED BY 


One horn of the animal pictured was 
treated with caustic about four months be- 
fore, in an effort to arrest its growth. A 
white patch in the velvet shows that some 
injury was done to the horn cells, but the 
caustic also stimulated their growth.. The 
treated horn became much larger than the 
untreated one. (Courtesy, U. S. Biological 
Survey. ) 


they advance in years. The production 
of melanin which once colored the hair, 
though it is no longer required for that 
purpose, may still go on, and it is not 
uncommon to find large accumulations 
of melanin forming tumors in old white 
horses, especially round about the anal 
region. 

The writer has never seen the tumors 
in unbroken wild horses such as one 
finds on the ranches of the prairies. He 
has made enquiries among those who 
have had much experience with these 


of Heredity 


animals, and so far has not been able 
to hear of a case. If it could be defi- 
nitely proved that only those horses 
which have been deprived of a certain 
amount of sunlight become affected 
with tumors, and that those which live 
permanently out of doors are not so 
affected, then it would show the exact 
use of the pigment in the animal 
economy. It cannot be stated that grey 
horses living constantly out of doors do 
not become whiter with age, but though 
the hair may become lighter, the skin 
probably retains more pigment than is 
the case with stabled animals. The flea- 
bitten spots (rusty red) which are com- 
mon in old grey and white horses 
might be taken for an indication that 
the skin is defending itself against the 
sun because the hair has lost its pig- 
ment (Figure 6). Melanotic tumors are 
sometimes found in animals of other 
colors, but the condition is more com- 
mon in white horses, and it is safe to 
say that they are more predisposed to it. 


The late formation, and generally 
benign nature of the tumors, indicates 
that melanin is constantly produced 
at a time when it is not required, so 
that its production does not appear to 
be effectively controlled. This hypothe- 
sis gains support by the fact that many 
of the glands, far removed from the 


seat of the trouble are often filled with 
pigment. 


Injuries to the Skin and the Growth 
of White Hair 


When the skin has been severely 
injured through a cut or burn, the new 
hair usually comes in white, and it 
persists for life. This is generally the 
rule with all animals. When the in- 
jury is more superficial the new hair 
may not turn white but sometimes it 


grows in a little darker than it was 
before. In some instances in- 


juries would appear to be almost too 
trivial to induce the growth of white 
hair, and yet it occurs. For instance, 
after a simple tick bite, a minute patch 
of white hair may make its appearance, 
so that in a tick infested country it is 
a common sight to see black and bay 


| 
: 
a 


Hadwen: 


horses covered with little white tufts 
of hair. (Figures 7 and 8.) 

The conclusion to be drawn from 
this would be that the skin may lose 
its power of pigmenting the hair after 
injury, though it is still able to pro- 
duce hair. ‘Therefore, white scar tissue 
which produces white unpigmented hair 
can be compared with the unpigmented 
skin and hair on certain animals, and 
such skin must be regarded as de- 
fective. 

According to Burgess ‘“Meirowsky 
demonstrated beyond any question of 
doubt that melanin is formed by epi- 
dermal cells, but the origin of the pig- 
ment found in the pigment-bearing cells 
of the cutis is still a subject for argu- 
ment and surmise.” Burgess quoting 
Block says, “‘as a result of his experi- 
mental work, (with dioxyphenylalanin ) 
held that pigment production in the 
skin is the result of the action of a 
specific ferment, and is intimately bound 
up with an oxydation process.” If this 
view is correct it must be concluded that 
albinotic areas of the skin and _ scar 
tissue are unable to produce the specific 
ferment. 

Mudge® writing about albino and 
particolored animals, and of cutaneous 
diseases of unpigmented parts says, 
“Such cases suggest that we should be 
more correct in regarding, not albinism 
as correlated with constitutional defects, 
but rather pigmentation as correlated 
with powers of immunity or increased 
resistance against certain injurious. pro- 
cesses.” 

Mention should also be made of 
Keilin’s remarkable work on Cyto- 
chrome which he describes as “an in- 
tracellular respiratory catalyst common 
to animals, bacteria, veast and higher 
plants. 


The White Coloration on the Bellies 
of Animals 
Poulton’ quoting Thayer regarding 
the white coloration on the bellies of 
animals, says: “that this gradation 
obliterates the appearance of solidity 
which is due to shadow.” 
Contrary to Thayer’s view it would 
seem probable that the lighter colora- 
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tion on the bellies of animals is due to 
the parts being shaded and not exposed 
to the sun’s rays. Without entering 
into a discussion on protective colora- 
tion, the writer wishes to point out 
that if the skin of the back were re- 
placed by the scantily haired, thin skin 
of the belly, that the animals would 
surely suffer from sun scald. The 
thinness of the skin and scanty hair 
covering allows for the elimination of 
waste products and would tend to keep 
an animal cooler. ‘The heat affecting 
the skin of the belly must be largely 
reflected up from the ground, instead 
of striking directly from above as it 
does on the back—hence the harmful 
actinic rays would be eliminated.* 


The Coloration and Thickness of Skin 
and Hair 

In domestic animals light or white 
hair does not necessarily mean a de- 
pigmented skin, because certain strains 
of cattle like the Shorthorn may have 
vellow skins. White hair sometimes 
lies over a dark skin. In the tropics 
black, thick skinned, hairless animals 
occur, 

The author’s observations indicate 
that length of hair is in inverse ratio 
to the thickness of the skin; in all the 
long-furred northern animals, the skin 
is very thin. Thus the hair may pro- 
tect the body or the skin perfcrm the 
same function. 

Certain colors such as brown, black, 
bay, isabelline, or roan are good, 
and white is apparently the only color 
which is deficient in protective qualities 
against the sun. This statement is 
not out of harmony with the change to 
white in northern mammals. If white 
is not a good protective color in sum- 
mer it may be beneficial during the 
winter when the animals are on the 
snow. The reflections from the snow 
added to the sunlight may be another 
factor in the case. Anyone who has 
traveled much on the snow will realize 
this. 

The writer has often seen ptarmigan 
sunning themselves, evidently absorb- 
ing as much of the sun’s rays as they 
could—on the other hand hares and 


*The late Sir P. Manson said: “The natives in warm climates invariably have dark skins; 
a natural protection against the actinic rays of the solar spectrum. 
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other mammals seem to stick to their 
nocturnal habits as in warmer climes. 
But since it has been recorded, during 
mild winters, further south, that they do 
not change color, there is no doubt that 
the change is related to cold weather 
and to snow. The coat of a fur bearing 
animal in winter stands up and is open. 
The arrector pili muscles function much 
more than they do in summer because 
at this season the hair lies flat. Another 
noticeable thing about the hair is that 
the winter coat has a dull appearance 
compared with the summer hair which 
is much more brilliant and shiny. This 
is mostly in evidence when the new 
growth of hair appears in the spring. 
In birds and insects the black species 
shine much more than those which are 
brown or buff colored. Refraction 
must have an important bearing on the 
absorption or deflection of heat rays. 

In larger domestic animals such as 
cattle the thickness of the hair seems 
to play a more important part than 
color in protecting them against the 


cold. This is because breeders have 
not considered protective colors in 
mating their animals. Examples of 


this can be given. Some years ago 
in Canada it was a common practice 
to bring large numbers of cattle from 
Texas to graze on the Western Prair- 
ies. The effect of the Canadian climate 
on the cattle was to stimulate a heavy 
growth of hair which in turn caused 
the skin to become thinner. So that 
when the cattle were slaughtered there 
was a distinct loss in the quality of the 
hides. In reply to a circular letter sent 
to Canadian tanners, it was found that 
they were all in agreement over the 
fact that long haired rough cattle had 
thinner and poorer hides than similar 
strains of animals which had _ been 
stabled. From this it is clear that a 
cold climate stimulates a growth of 
hair at the expense of the skin. 
Function of Winter Coat 

Speaking of northern animals Poulton 
says: 

The white winter coat is chiefly for con- 
cealment, but may also help to retain heat. 
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Certain northern animals, especially those 
frequenting trees, do not become white in 
winter; this is true of the Glutton (Gulo 
luscus). Occasionally dark winter  indivi- 
duals occur in species which as a rule change 
their color regularly, thus, a black Arctic 
Fox is well known, but its rarity (Sir J. 
Ross found three individuals out of fifty 
white ones) probably indicates that it is, as 


we should expect, at a disadvantage, and 
that it will disappear.* Mr. Wallace con- 
siders that the dark color of arboreal 


northern animals, which is clearly for con- 
cealment, disproves the theory that the 
white color is of value in retaining heat. 
But it does not follow that such benefits 
are wholly non-existant, because they must 
be dispensed with under the pressure of a 
stronger necessity. Mr. Wallace’s argument 
shows that concealment is of paramount ne- 
cessity; but this does not disprove the 
opinion that other advantages also may be 
conferred by a particular mode in’ which 
concealment is attained. 


One important fact has been omitted 
by Wallace and Poulton in connection 
with these arboreal mammals—that 
some of them are nesting animals and 
others live in dens during the day time. 
On the other hand the white fox is 
distinctly a migratory animal and _ fol- 
lows the ice in winter. (Figure 9). The 
northern hare does not burrow and 
the polar bear follows the ice all the 
year round and does not require to 
change color at all. These facts might 
be interpreted in favor of white as the 
most suitable color for winter life in 
the open. And if white is better for 
concealment it may be better also for 
the health of the animal. The color- 
ation of wild animals is so wonderfully 
uniform and constant, and the seasonal 
changes so regular and necessary that it 
would seem that the health of the 
animals came first and that other con- 
siderations are subservient to this. 


Biting Flies and Other Insects At- 
tracted to White Animals 


Darwin said: “With cattle suscep- 
tibility to the attacks of flies is corre- 
lated with color, as is the liability to 
be poisoned by certain plants, so that 
even color would be thus subjected to 
the action of natural selection.” Why 
are biting flies attracted to white ani- 
mals? The answer is not easy unless it 


*This statement about black and white foxes is not correct because the two species are 
distinct, also the black fox is quite hardy and is being successfully raised in captivity. 
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ALBINOTIC SPOTS DUE TO FLY INFESTATION 
Figure 8 
The spots of light-colored hair on this reindeer’s back, indicates a previous infestation 


with Oedemagena terandi. 


Buckland River, Alaska, August 14, 1921. 


Very trivial injuries 


sometimes produce such spots, and in other cases the hair comes in darker. (Courtesy, U. S. 


310logical Survey. ) 


be a question of temperature or some 
other physical factor. Darwin wrote 
“flies” without mentioning what kinds 
of flies. With regard to Muscid flies it 
is easy to see why they are attracted 
when we know that white cattle often 
discharge from the eyes, or else when 
skin lesions are present the discharges 
are eaten. The Warble-fly of reindeer 
(CGidemagena tarandi L) and Cephe- 
nomia trompe (LL), the nostril fly, par- 
asitize white reindeer more than the 
darker colored animals. All reindeer 
men firmly believe this is due to color, 
but the writer found that there were 
other reasons which enter into the case, 
and some of them might apply to cattle 
As white reindeer are sleepy, listless in- 
dividuals, the flies have a much better 
chance to attack them than the more 
active animals. Oviposition is such a 
pressing need with the short lived 
Oestridae that the insects lay their 
eggs on the nearest victims who will 
submit to their attentions. There is 
no attempt at selection on the part of 
the insect and @, tarandi has repeated- 
ly been seen in numbers busily ovi- 
positing on dying animals. @. tarandi 
resembles H. lineatum, one of the 
cattle Warble-flies, in one respect—it 


has a way of attaching its eggs to the 
hairs of a recumbent beast without 
actually resting on it. The fly remains 
on the ground, reaching up with its 
long ovipositor to affix its eggs, so 
that in this instance the insect would 
obtain no benefit from alighting on 
the animal’s skin, even if such benefit 
were to be had. Another observation 
made in Alaska shows how little the 
insect cares where it deposits its eggs. 
To a freshly captured fly held by one 
wing, a tuft of reindeer hair was ap- 
plied to the abdomen. ‘The _ insect’s 
ovipositor at once began to dart about 
among the hairs and 51 eggs were laid. 
In the case of C. trompe which hovers 
in front of the reindeer’s nose and 
then darts in to deposit living larvae 
on the mucous membrane, quick sighted 
and active reindeer have been observed 
to close the nostrils or move the head 
quickly enough to outwit the insect. 
It is obvious then that a watery-eyed. 
listless, white reindeer would be at a 
disadvantage under such conditions. 


Summary 
Buxton in a recent work on desert 


animals considers black an unsuitable 
color for them. 


Wallace said that white or piebald 
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COLOR CHANGE IN THE ARCTIC FOX 
Figure 9 
Photographed near the mouth of the St. Lawrence River, June 4, 1922. The dark sum- 
mer coat has about half replaced the winter coat. There are two species of arctic foxes, 
one that remains pigmented throughout the year, and one that changes color with the seasons. 
The white fox follows the ice in winter. Arctic animals that nest in trees or live in caves 


during the day do not change color. 


animals rarely or never increase in a 
state of nature. He believed that Arc- 
tic animals are white because the color 
is protective, and is not otherwise bene- 
ficial. 

The writer's opinion is that white and 
spotted domestic animals are deficient, 
and that they are perpetuated for no 
useful purpose—simply to please the 
eye. 

In Canada spotted black and white 
cattle often suffer from sunburn, and 
white pigs have been known to lose the 
entire skin from back. 

Fagopyrismus occurs in Canada, also 
sensitization of the skin following the 
ingestion of other plants besides buck- 
wheat. White reindeer do not change 
color in summer like other arctic ani- 
mals and suffer from sun scald. They 
are not true albinos but are neverthe- 
less deficient in vision, hearing, and 
sense of smell. 


It is shown that arctic animals ac- 
quire a darker coat in summer as a 
defence against the sun’s rays. ‘The 
white winter coat is the most suitable 
color for winter life in the open. Sun- 
burn in the domestic animals is often 
the result of intermittent exposure to 
sunshine, through stabling. When the 
animals have become sensitized through 
eating certain plants, it is suggested 
that the skin eruption may come from 
that cause alone, and that it 1s simply 
aggravated by sunshine. 


Melanotic tumors which are common 
in old white horses have not been ob- 
served in animals living constantly out 
of doors. Slight injuries to the skin 
may intensify the color of the hair, 
but more severe lesions often result 
in a total depigmentation of the skin 
and a growth of white hair. Hence 
scar tissue producing white hair is 


. 
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comparable to albinotic skin and is re- 
garded as defective. 

The white coloration on the bellies 
of animals and the thin skin and scanty 
hair is believed to be beneficial, allow- 
ing as it does for sweating and for 
coolness. This is contrary to the views 
of Thayer. 

The coloration and thickness of the 
skin may protect the body against 
the sun, instead of this function being 
performed by the hair. 

In northern animals the skin is thin, 
in summer the hair lies flat, in winter 
the hair is long and erect. 

Dark coated or black animals and 
birds are much more shiny than those 


colored buff or brown. 
insects are also shiny. 

In speaking of the protective color- 
ation of northern arboreal animals Wal- 
lace and Poulton do not mention the 
fact that many of them are nocturnal 
feeders or else have hibernating habits. 
Darwin's observation about flies attack- 
ing white animals more than darker 
colored, is confirmed, but additional 
reasons are put forward to explain 
the fact. 

In an appendix to the article Dr. 
Harrington expresses his views con- 
cerning the physical side of color, he 
confirms some of the facts expressed 
in the paper. 


Many black 


Protective Value of Hair 


L. HARRINGTON 
University of Saskatchewan 


After considering the facts put for- 
ward by the writer, Dr. Harrington 
makes the following comments on Bux- 
ton’s work: 

suxton’s difficulty appears to be on 
account of the prevalence of black ani- 
mals in the desert. He is quite right in 
accepting the principle that black does 
absorb more radiation, but may it not 
be possible that this very fact makes it 
suitable rather than otherwise? ‘The 
sun’s radiation does not hurt the hair 
but rather the body under the hair. 
Black hair would absorb radiation to a 
high degree and thus prevent it reach- 
ing the body. The hair may get very 
hot, particularly on the outer surface, 
but it is such an extremely poor con- 
ductor and a good radiator that the 
heat is lost by radiation rather than 
conducted to the body. In the other 
case, white hair would reflect rather 


than absorb, and by repeated reflections 
from the hair surface to hair surface 
the radiation would in a large measure 
reach the body of the animal where it 
would be absorbed and cause discom- 
fort. If a light skinned person in a 
well darkened room holds his hand in 
front of a strong light he finds con- 
vincing evidence of the translucency of 
his body tissues to radiation. An Afri- 
can native would scarcely get the same 
result. It would seem that a desert 
animal might well profit by hair that 
would absorb radiation rather than 
transmit it like a white window shade, 
to the body, and that bodies without 
hair should have pigmented skins to 
cut down the radiation reaching live 
tissues. The recent studies on the 
physiological effects of ultra-violet 
radiation would appear greatly 
strengthen this point of view. 
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WILD COTTON OF SONORA COAST SAND-DUNES 
Figure 10 


This cotton was found among the sand-dunes near the coast of the Yaqui Valley, 
and is the only lint-bearing species in northwestern Mexico that is known to be growing 
in undisturbed natural conditions. It is a very fertile type, with long, short-jointed 
fruiting branches, commonly maturing a boll at each node, and often two bolls at the 
same node; one on a very short secondary branch, as shown at the top of photograph. 
Seed from the wild plants was obtained by Dr. A. W. Morrill and planted at Los 
Mochis in 1925. The plants at Los Mochis appeared very uniform and productive, so 


that possibilities of commercial development may be recognized in this species. Gossy- 
piumt morrilli (natural size.) 


PRIMITIVE COTTONS MEXICO 


Characters of Native Cottons Including a Wild Species 


©. F. Cook and J. W. HusppBarp 
Bureau of Plant Industry 


HE study of heredity makes new 
demands for knowledge of the 
characters that appear in the dif- 

ferent species or varieties, or among 
hybrids. Hybrids between different 
species of cotton usually are interme- 
diate in the first generation, while in 
the second and later generations a wide 
range of diversity appears, not limited 
to combinations of the usual parental 
characters, but including many charac- 
ters that were not shown by the parent 
stocks. The question then arises, should 
such outlying, extra-parental differences 
be considered as new characters, as 
reversions to primitive characters, or 
as reappearances of submerged or re- 
cessive characters that trace back to 
crossing with other species? 

For answering such questions, a 
greater familiarity with the different 
characters is necessary, to know where 
they occur in regular and normal ex- 
pression, and where they appear as 
abnormal or sporadic variations. It 
primitive characters reappear in hybrids, 
hybridizing experiments may make it 
possible to determine the relationships 
of the different types of cotton, by 
observing the reactions between the 
different characters. Breeders and 
students of genetics are interested in 
knowing the full series of characters, 
and the extent to which each of the 
characters has been developed in any 
group of plants that is being investi- 
gated. To see the wealth of forms 
that nature affords is a keen pleasure 
to the investigator. Such interest in 
observing and formulating the charac- 
ters of the different types of plants 
makes it possible to develop the special 
knowledge of a group like the cottons, 
and to select from the storehouse of 
nature the forms that are best adapted 
to the use of man. 


live new species of cotton plants 
have been described recently from 
northwestern Mexico, with several pe- 
culiar characters not previously recog- 
nized or recorded, which are likely 
to be of interest to breeders and stu- 
dents of heredity. Other cottons have 
been studied previously in southern 
Mexico, below the Isthmus of Tehuan- 
tepec, and in Guatemala, from which 
the native cottons of Sonora and Sin- 
aloa are quite distinct. Some of our 
best varieties of Upland Cotton have 
been introduced from Mexico. ‘The 
Acala variety was discovered in the 
state of Chiapas in 1906. The Texas 
sig-boll type, represented by such va- 
rieties as Mebane, Rowden, and Lone 
Star, is supposed to have been intro- 
duced in the period of the war with 
Mexico, probably by soldiers returning 
to Texas. 

A short visit to northwestern Mexico 
was made by the writers in December 
1925, including the districts of Guay- 
nas, Esperanza, Cocorit, and Cajeme, 
in Sonora, and of San Blas and Los 
Mochis, in Sinaloa. Native “tree” 
cottons were found in each locality, 
either in the door-yards or along the 
road-sides. Though not regularly cul- 
trvated, the plants are allowed to grow 
and the cotton is collected for domestic 
use. Studies were made from the living 
plants, and natural-size photographs 
recorded many features that are pre- 
served with difficulty or are entirely 
lost in dried specimens, and hence are 


generally omitted from botanical re- 
scriptions. 

In two localities near Guaymas, 
Gossypium davidsoni was found in 


abundance, growing as a wild plant 
among other desert vegetation. This 


species has no lint on the seeds, but 
Much of the 


only a short brown fuzz. 
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A MEXICAN STORM-PROOF COTTON 
Figure 


A remarkable adaptation for retaining the seed cotton in the open bolls was found 
in this species, as explained in figure 12. Other features of interest in this species 
are the peculiar flat-sided bolls, having a square or triangular appearance in the cross- 
section, especially above the middle, and the absence of oil-glands from a vertical band 
in the middle of each division of the boli, over the suture. The calyx has long-pointed 
lobes, and bractlets are of frequent occurrence, often two or three to an involucre. 
Gossypium contextum (natural size). 
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COTTON HELD IN OPEN BOLLS 
Figure 12 


The most striking peculiarity of Gossypium contextum is the holding of the cotton 
in the open bolls, because many of the fibers are attached to the carpel walls. Instead 
of the locks of seed cotton expanding and pushing out of the open bolls as in other 
species, the cotton of G. contextum is held firmly in a compact mass. The three bolls 
at the top are G. morrillt, and show the usual behavior of seed cotton, “fluthng out” 
of the open bolls, while the other bolls are of G. contexrtum and show the cotton held in 
place. The two lower bolls show the fibers remaining attached to the carpel walls 
after the seed has been removed (natural size). 
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COTTON WiTH OPEN INVOLUCRES 
Figure 13 


A primitive type of cotton at Guaymas, Sonora, with very small bolls and open in- 
volucres that afford no protection against boll-weevil. The bracts that form the in- 
volucre are narrowed at the base, instead of expanded into broad basal auricles as in the 
other species. A double involucre with two sets of bracts is shown at the right, 
several examples of this variation were found. The very long slender pedicels, swollen 
at the base, are also characteristic of this species, Gossypium patens (natural size). 
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CHARACTERS OF THE DOUBLE-BRANCHING COTTON 
Figure 14 


One of the Mexican cottons is characterized by the production of a vegetative and 
a fruiting branch from the same nodes of the main stalk, a peculiarity which suggested 
the specific name, Gossypium dicladum. Other diagnostic features of this species are 
the flowers with large white petals and conspicuous red petal-spots, the short style, with 
the stigma not exserted beyond reach ot the stamens, and oval or elliptical bolls, broader 
in the middle than at the base (natural size). 
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A COTTON WITH NEW CHARACTERS 
Figure 15 


A native cotton of Sinaloa with several characters not previously recognized, the 
leaves borne on erect or ascending petioles, the leaf-lobes broad and flat, and the mar- 
gins strongly undulate. The outer nectaries of the involucre are not in the usual 
position at the base of the bracts, but farther down on the pedicel and having the form 
of a narrow longitudinal groove, like the nectaries on the midveins of the leaves. The 
flowers are pale yellow with no petal-spots. The bolls are rather small and pointed, 
with oil-glands absent on a median band of each division of the boll. The name of 
the species was suggested by the peculiar position of the nectaries, low-nectary cotton, 
Gossypium hypadenum (natural size.) 
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desert country in Sonora and Sinaloa 
has been explored by Dr. A. W. Mor- 
rill without finding any of the lint- 
bearing cottons growing in undisturbed 
natural conditions, with the single ex- 
ception of a cotton that grows on 
sand-dunes near the coast in the Yaqui 
Valley, below Cajeme. Seed of this was 
obtained by Dr. Morrill and grown with 
several other native cottons at Los 
Mochis, so that direct comparisons of 
the living plants were made. The sand- 
dune cotton proved to be quite different 
from any of the door-yard road- 
side forms that Dr. Morrill col- 
lected at Los Mochis, and from those 
that were studied in other places. The 
species has been described as Gossypium 
morrilli.* 

As might be expected from the con- 
dition of free hybridizing that exists 
among the native cottons, a wide range 
of diversity is found, but with several 
notable peculiarities that indicate a 
former existence of several distinct 
species in northwestern Mexico.  Dis- 
tricts that may have been completely 
isolated during the pre-agricultural 
ages, have in later periods of deforesta- 
tion been converted into continuous 
stretches of open country, and_ the 
areas of distribution of the native 
cottons greatly extended. Also it may 
be supposed that most of the cottons 
of the districts visited in this expedi- 
tion came originally from farther south. 

The chief object in deseribing and 
naming some of the peculiar forms as 
new species is to facilitate further 
studies of the characters. Although it 
has been recognized that the present 
combinations of the characters may be 
due to hybridization, it seems probable 
that the outstanding peculiarities were 
derived from species that had a separate 
existence formerly, if no longer to be 
found in a strictly wild state. To de- 
scribe characters without referring 
them to any species would lead to con- 
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fusion, as would also result if the 
Mexican cottons were assigned wrongly 
to species from other regions, on ac- 
count of superficial similarities. 
Specialized Vegetative Branches 
The production of two branches from 
most of the nodes of the main stalk 
suggested the name Gossypium dicla- 
dum for one of the Mexican species. 
The two branches are different in 
structure though having the same func- 
tion. One is a fruiting branch, with a 
flower-bud at each node, while the 
other is a vegetative branch not bearing 
flowers and bolls directly, but on short 
secondary branches. ‘The vegetative 
branch is held in a horizontal position 
like the fruiting branch, not in an as- 
cending or upright position like the 
usual vegetative branches of cotton, 
that develop from the lower joints of 
the stalks. Usually the vegetative 
branch as a whole is not much larger 
than the fruiting branch of the same 
node, and not infrequently it 1s smaller. 
modified branching habit this 
species is indicated also by a tendency 
of the lower fruiting branches to grow 
quite large and produce’ vegetative 
branches from axillary buds. In some 
cases several vegetative branches de- 
velop from one fruiting branch. but 
these vegetative branches on the fruit- 
ing branches are of the same horizontal 
fruiting tvpe as the vegetative branches 
on the higher nodes of the main stalk, 
and with many short, tertiary branches 
that produce bolls. 
Leaves With Broad Auricles 
With respect to leaf characters, a 
general similarity may be recognized 
in several of the new forms from Mex1- 
co, in the greater breadth and depth 
of the auricles at the base of the 
leaves, back of the poimt of attachment. 
The expansion of the base of the leaf 
is carried so far that the auricles often 
overlap, and thus suggest a_ peltate 
leaf. 


*See Cook, O. F. and Hupparp, J. W., New Species of Cotton Plants from Sonora and 
Sinola, Mexico, Journal Washington Academy of Sciences, 16:333, June 19, 1926. The 
length of lint in Gossypium morrilli p. 339 should be corrected to seven-eighths of an inch, 
instead of “eight inches.” On the same page change ‘‘Kehchi’ to Kekchi, and on page 333 


“W. W. Morrill” to A. W. Morrill. 
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In most cases the occurence of large 
overlapping auricles is confined to the 
large leaves, but in some forms the 
medium-sized and small leaves may 
have the sinus closed. One plant at 
Cocorit predominated in the develop- 
ment of the auricles, especially in the 
small leaves, and many cases were noted 
where the petiole, being short, did not 
reach beyond the basal expansion of the 
auricles, 


Leaves with Undulate Margins 


Although the general form of the 
leaf in Gossypium hypadenum, is un- 
usually broad and expanded so as to 
lie nearly flat, many of the larger 
leaves have the margins ruffled, or un- 
dulate. (See Figure 15). This is a 
character that does not occur normally 
in the Upland type of cotton, or in the 
Egyptian type, but appears not infre- 
quently among the perjugate hybrids 
between the Upland and Egyptian 
types, and especially in hybrids between 
the Egyptian and the Hindi cotton, 
which undoubtedly is related to the 
Upland type. The hybrid plants with 
undulated leaf-margins usually are 
large, rank-growing individuals, but in 
some cases rather small slender plants 
show strongly undulate margins. 


Leaves with Marginal Teeth 


The margins of cotton leaves usually 
are entire, except for the notches be- 
tween the lobes, but marginal teeth are 
found in some species. Usually such 
teeth do not occur regularly, or on all 
of the leaves of the plant, but only on 
some of the larger leaves, and they are 
more likely to appear under conditions 
of luxuriant growth. The marginal 
teeth may be considered as rudimentary 
lobes or small secondary lobes, or pro- 
jections of veins beyond the margins, 
as though a lobe-forming tendency that 
usually is confined to the primary veins 
were sometimes shared by the secondary 
veins. 

The position in which marginal teeth 
are most likely to occur is on the sides 
of the large middle lobe, usuaily near 
the base, or below the middle of the 
lobe. Such teeth were noted in two 
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of the new cottons from Mexico, Gos- 
sypium contextum, and morrilli. Simi- 
lar teeth occur not infrequently in Sea 
Island cotton, but have not been ob- 
served in Egyptian cotton which in 
most of its characters is like Sea Island. 


A second position in which teeth are 
likely to occur is on the auricles at the 
base of the leaf, though not with 1egu- 
larity or in definite positions. Such 
teeth were noted on the auricles of 
Gossypium contextum, and morri/li, but 
none of these species showed any ten- 
dency to produce leaves with more than 
five lobes. That is, there were none of 
the 7-lobed leaves like those that are 
found occassionally in the Sea Island 
cotton, Gossypium barbadense. 


Some of the new types could be 
recognized by special leaf characters 
which did not occur on the others at 
all, notwithstanding the many fluctua- 
tions in such features as the forms, 
sizes, and depths of the lobing, which 
may be found even upon the same plant. 
Some species have large leaves with 
only three lobes, while leaves of cor- 
responding size on other species are 
regularly five-lobed. A tendency of 
torelobes to become equal to the mid- 
lobes was noted in some of the species, 
while others show an unusual and 
characteristic expansion of the side- 
lobes. One of the forelobes may be 
longer and heavier than the other, and 
may throw the leaf out of balance. In 
such cases the larger forelobes may re- 
main expanded while the smaller be- 
comes deeply rolled or channeled. 


Nectaries on Pedicels 


The involucre of the cotton plant has 
two sets of nectaries which are con- 
sidered as extra-floral, a set of three 
“inner” nectaries alternating with the 
involucral bracts and a set of three 
“outer” nectaries opposite the bracts. 
The inner nectaries are located on the 
base of the calyx, at the angles between 
the bracts, while the outer nectaries are 
located on the receptacle in the sinus 
of the insertion of the bract, which 
usually is curved. 

The usual form of the external nec- 
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tary is a rounded depression, but some- 
times oval or reniform, and in rare 
cases divided through the middle. 

A wide departure is shown in Gossy- 
pium hypadenum from the usual nec- 
tary characters. ‘The nectaries are not 
in the usual position on the receptacle, 
but farther down, below the insertion 
of the bracts, so that they are on the 
pedicel rather than on the receptacle. 
Nectaries have not been seen in this 
position in any other species of cotton 
with which we are familiar. 


Nectaries in Longitudinal Grooves 


In addition to the unusual position 
of the nectaries of Gossypium hypa- 
denum, the structure of the nectaries 
also is peculiar. Instead of occupying 
a rounded or transverse depression, the 
nectar-bearing tissue is found in a nar- 
row groove in the middle of a longitu- 
dinal ridge that runs down the pedicel. 

No such nectaries have been observed 
in any of the species or varieties of 
cotton that have been studied pre- 
viously. Compared with the outer nec- 
taries of other types of cotton, these 
are much more similar to the nectaries 
of the leaves. But this similarity does 
not show whether they should be con- 
sidered as a primitive type of the outer 
nectary that may have survived only in 
this species, or as a special type of 
nectary that mav result from a varia- 
tion toward leaf-characters in the in- 
volucre. ‘This peculiar unusual 
form may be considered as a carry-over 
of the characters of the leaf nectaries 
to the bract nectaries, or as a primitive 
form of nectary, which may represent 
a stage in the specialization of the cot- 
ton involucre. 

Small Open Involucres 

One of the Mexican species was 
named Gossypium patens allusion 
to the small open involucres which are 
a characteristic feature. The involucral 
bracts not only are small but are widest 
in the middle and distinctly narrowed 
at the base where the bracts of most of 
the species of Gossypium are broad- 
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ened and deepened below the point of 
attachment to form the usual basal 
auricles, which meet at the angles and 
give the cotton involucre its usual three- 
cornered form. 

The bracts of Gossypium patens not 
only lack auricles, but the lower mar- 
gins, instead of being opposed to each 
other are turned back and stand sep- 
arate, so that there is no approxima- 
tion to the condition of the closed in- 
volucres that have been observed in 
Kekchi and Rabinal cottons of Guata- 
mala.* 


Bractlets Present or Absent 


The bractlets are small organs lo- 
cated immediately inside the involucre 
at the angles or openings between the 
bracts. They occur frequently on some 
of the native cottons, on others rarely, 
and in some no bractlets could be found. 
The most frequent and regular occur- 
rence of bractlets was in Gossypium 
contextum, but they are usually present 
in G. patens and were noted also in 
G. morrilli. 

The relation of the bractlets to the 
bracts as part of the involucre has not 


been determined. The bracts un- 
doubtedly correspond to leaves, and 
many intermediate stages have been 
found between leaves and _ bracts, 
including many cases where the 


same organ showed leaf characters on 
one side and bract characters on the 
other, with the stipules enlarged and 
the blade element reduced. 

From studies of such cases it has 
appeared that the lateral teeth of the 
bracts may have been formed by re- 
duplication of the stipules, and on thet 
basis the bractlets may be considered 
supernumerary stipules, that have failed 
to unite with the bracts. The irregular 
occurrence of the bractlets would be 
associated in this view with the usual 
irregularity in the numbers of teeth 
in the bracts. 

Calyx with Tailed Lobes 

The calvx of Gossypium is reduced 

to a rudimentary organ, the usual fune- 
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In most cases the occurence of large 
overlapping auricles is confined to the 
large leaves, but in some forms the 
medium-sized and small leaves may 
have the sinus closed. One plant at 
Cocorit predominated in the develop- 
ment of the auricles, especially in the 
small leaves, and many cases were noted 
where the petiole, being short, did not 
reach beyond the basal expansion of the 
auricles. 


Leaves with Undulate Margins 


Although the general form of the 
leaf in Gossypium hypadenum, is un- 
usually broad and expanded so as to 
lie nearly flat, many of the larger 
leaves have the margins ruffled, or un- 
dulate. (See Figure 15). This is a 
character that does not occur normally 
in the Upland type of cotton, or in the 
Egyptian type, but appears not infre- 
quently among the perjugate hybrids 
between the Upland and Egyptian 
types, and especially in hybrids between 
the Egyptian and the Hindi cotton, 
which undoubtedly is related to the 
Upland type. The hybrid plants with 
undulated leaf-margins usually are 
large, rank-growing individuals, but in 
some cases rather small slender plants 
show strongly undulate margins. 


Leaves with Marginal Teeth 


The margins of cotton leaves usually 
are entire, except for the notches be- 
tween the lobes, but marginal teeth are 
found in some species. Usually such 
teeth do not occur regularly, or on all 
of the leaves of the plant, but only on 
some of the larger leaves, and they are 
more likely to appear under conditions 
of luxuriant growth. The marginal 
teeth may be considered as rudimentary 
lobes or small secondary lobes, or pro- 
jections of veins beyond the margins, 
as though a lobe-forming tendency that 
usually is confined to the primary veins 
were sometimes shared by the secondary 
veins. 

The position in which marginal teeth 
are most likely to occur is on the sides 
of the large middle lobe, usuaily near 
the base, or below the middle of the 
lobe. Such teeth were noted in two 


of the new cottons from Mexico, Gos- 
sypium contextum, and morrilli. Simi- 
lar teeth occur not infrequently in Sea 
Island cotton, but have not been ob- 
served in Egyptian cotton which in 
most of its characters is like Sea Island. 


A second position in which teeth are 
likely to occur is on the auricles at the 
base of the leaf, though not with 1egu- 
larity or in definite positions. Such 
teeth were noted on the auricles of 
Gossypium contextum, and morriili, but 
none of these species showed any ten- 
dency to produce leaves with more than 
five lobes. That is, there were none of 
the 7-lobed leaves like those that are 
found occassionally in the Sea Island 
cotton, Gossypium barbadense. 


Some of the new types could be 
recognized by special leaf characters 
which did not occur on the others at 
all, notwithstanding the many fluctua- 
tions in such features as the forms, 
sizes, and depths of the lobing, which 
may be found even upon the same plant. 
Some species have large leaves with 
only three lobes, while leaves of cor- 
responding size on other species are 
regularly five-lobed. A tendency of 
torelobes to become equal to the mid- 
lobes was noted in some of the species, 
while others show an unusual and 
characteristic expansion of the side- 
lobes. One of the forelobes may be 
longer and heavier than the other, and 
may throw the leaf out of balance. In 
such cases the larger forelobes may re- 
main expanded while the smaller be- 
comes deeply rolled or channeled. 


Nectaries on Pedicels 


The involucre of the cotton plant has 
two sets of nectaries which are con- 
sidered as extra-floral, a set of three 
“inner” nectaries alternating with the 
involucral bracts and a set of three 
“outer” nectaries opposite the bracts. 
The inner nectaries are located on the 
base of the calyx, at the angles between 
the bracts, while the outer nectaries are 
located on the receptacle in the sinus 
of the insertion of the bract, which 
usually is curved. 

The usual form of the external nec- 
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tary is a rounded depression, but some- 
times oval or reniform, and in rare 
cases divided through the middle. 

A wide departure is shown in Gossy- 
pium hypadenum from the usual nec- 
tary characters. The nectaries are not 
in the usual position on the receptacle, 
but farther down, below the insertion 
of the bracts, so that they are on the 
pedicel rather than on the receptacle. 
Nectaries have not been seen in this 
position in any other species of cotton 
with which we are familiar. 


Nectaries in Longitudinal Grooves 


In addition to the unusual position 
of the nectaries of Gossypium hypa- 
denum, the structure of the nectaries 
also is peculiar. Instead of occupying 
a rounded or transverse depression, the 
nectar-bearing tissue is found in a nar- 
row groove in the middle of a longitu- 
dinal ridge that runs down the pedicel. 

No such nectaries have been observed 
in any of the species or varieties of 
cotton that have been studied pre- 
viously. Compared with the outer nec- 
taries of other types of cotton, these 
are much more similar to the nectaries 
of the leaves. But this similarity does 
not show whether they should be con- 
sidered as a primitive tvpe of the outer 
nectary that may have survived only in 
this species, or as a special type of 
nectary that may result from a varia- 
tion toward leaf-characters in the in- 
volucre. This peculiar and unusual 
form may be considered as a carry-over 
of the characters of the leat nectaries 
to the bract nectaries, or as a primitive 
form of nectary, which may represent 
a stage in the specialization of the cot- 
ton involucre. 

Small Open Involucres 

One of the Mexican species was 
named Gossypium patens allusion 
to the small open involucres which are 
a characteristic feature. The involucral 
bracts not only are small but are widest 
in the middle and distinctly narrowed 
at the base where the bracts of most of 
the species of Gossypium are broad- 
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ened and deepened below the point of 
attachment to form the usual basal 
auricles, which meet at the angles and 
give the cotton involucre its usual three- 
cornered form. 

The bracts of Gossypium patens not 
only lack auricles, but the lower mar- 
gins, instead of being opposed to each 
other are turned back and stand sep- 
arate, so that there is no approxima- 
tion to the condition of the closed in- 
volucres that have been observed in 
Kekchi and Rabinal cottons of Guata- 
mala.* 


Bractlets Present or Absent 


The bractlets are small organs lo- 
cated immediately inside the involucre 
at the angles or openings between the 
bracts. They occur frequently on some 
of the native cottons, on others rarely, 
and in some no bractlets could be found. 
The most frequent and regular occur- 
rence of bractlets was in Gossypiui 
contextum, but they are usually present 
in G. patens and were noted also in 
G. morrilli, 

The relation of the bractlets to the 
bracts as part of the involucre has not 
been determined. ‘The bracts un- 
doubtedly correspond to leaves, and 
many intermediate stages have been 
found between leaves and _ bracts, 
including many cases where the 
same organ showed leaf characters on 
one side and bract characters on the 
other, with the stipules enlarged and 
the blade element reduced. 

From studies of such cases it has 
appeared that the lateral teeth of the 
bracts may have been formed by re- 
duplication of the stipules, and on thet 
basis the bractlets may be considered 
supernumerary stipules, that have failed 
to unite with the bracts. The irregular 
occurrence of the bractlets would be 
associated in this view with the usual 
irregularity in the numbers of teeth 
in the bracts. 

Calyx with Tailed Lobes 

The calyx of Gossypium is reduced 

to a rudimentary organ, the usual fune- 
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tion of the calyx in protecting the bud 
having been assumed by the involucre. 
In several species of Gossypium the 
calvx has been reduced to a_ shallow 
rim around the base of the corolla, with 
the lobes entirely suppressed or indi- 
cated by a slightly sinuate margin. Some 
species have distinctly rounded short 
lobes, or lobes that are distinctly but 
broadly angled; also there are species 
with well-developed calyx lobes, acutely 
angled; and finally there are lobes with 
angles produced into sharp tips or with 
slender subulate “tails.” The occurrence 
of such tails usually is not regular, 
even in the same calyx. One or two 
of the lobes may be tailed while the 
others are not. 

All of the new cottons from Mexico 
have the calyx lobes distinct and sharply 
angled, and tailed calvx lobes are of 
frequent occurrence except in) Gossy- 
pium dicladum. In hypadenuim 
and G. patens all of the five lobes of 
the calvx commonly have tails. 
Oil-Glands Absent on Suiural Bands 

The carpels that make up the cotton 
boll in most cases are completely fused 
together, with no surface indication of 
the suture or line of union where the 
carpels are united. But in some cases 
the suture is indicated by short grooves 
at the tip of the boll, and sometimes at 
the base. 

Another indication of the sutures is 
an absence of oil glands from. vertical 
bands on the surtace of the boll, in the 
position oft the sutures. tendency to 
fewer oil glands over the sutures 
often observable in Upland cotton and 
also in some the second-generation 
hybrids of Egyptian and Upland cotton. 
This character has been observed in 
some ot the variations of the Nekehi 
cotton of Guatemala, though not as a 
regular feature, and in_ the 
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Moqut Or cotton, cultivated by 
the Indians of northern -\rizona.* 
Two of the Mexican cottons show 
a definite absence of oil glands along 
the suture or line of division between 
the carpels. In other respects, the two 
species are very different. One of them 
is Gossypium hypadenum, the species 


with the undulate leaf-margins and 
peculiar nectaries already described. 


The other species is Gossypium conte.- 
tum, with leaf-forms and nectaries ot 
the usual types. 

Lint Attached to Carpel Walls 

A remarkable feature of one ot the 
new cottons from Mexico, Gossypium 
contcextum, is the occurrence of numer- 
ous long fibers attached to the carpel 
walls, sometimes over most of the sur- 
face. In some cases these attached 
fibers are so numerous and so gener- 
ally distributed as to appear as a com- 
plete lining of the carpels, which re- 
mains in place after the seeds have 
heen removed. (See Figure 12). 

libers have been found previously 
on the carpel walls of Vhurberia, the 
“wild cotton” of Arizona, and 
casionally in Egyptian cotton or in hy- 
brids of Egyptian and Hindi cotton, 
but in all of the previous cases these 
carpel hairs were few in number and 
were confined to the middle ot the 
carpel, close to the fissure. 

In Gossypium contextum the imner 
surface of the mature carpels 1s very 
finely and = closely wrinkled, the 
ends of some of the fibers apparently 
are caught and held in these wrinkles. 
In other cases the fibers are held by 
what may prove to be hardened exu- 
dation; thus it is not certain that the 
attached fibers have actually grown 
from the walls. Further study will be 
needed to determine definitely — the 
method of attachment. 
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